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PREFACE 


The Importance of Meteorology. The place of meteorology 
in agriculture, industry, navigation, and transportation has long 
been recognized. Today the vast and various activities related 
to flying demand accurate up-to-the-minute information about 
the weather. The work of the professional meteorologist becomes 
of increasingly vital importance the more we utilize the air as a 
medium for transportation. Tor weather affects the perform¬ 
ance of the airplane, its motor, propeller, and instruments. 
Having reliable meteorological information and knowing how 
to use it are primary factors in flying an airplane safely and 
efficiently. 

There is no one of us who is not affected by the weather or 
who cannot profit by learning about the atmosphere and how 
it behaves. During the last several years great strides have 
been made in meteorology. This book introduces you to a science 
that has unlimited possibilities for development and for use. 

How to Use This Book. This special edition of Elementary 
Meteorology has been prepared exclusively for off-duty group 
study by military personnel. A book on a scientific subject such 
as this is not like a magazine story. You must be sure you under¬ 
stand what you are reading. Even though you know the meaning 
of all the words, you may have to go over the text two or three 
times to get the idea. You will find that the more you study, 

the easier it is to study effectively. 

iii . 
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P B E F A C E 


END-OF-COURSE TESTS 

WHen you have finished this course you are entitled to take 
a USAFI End-of-Course Test, and to receive a report of your 
score on the test. USAFI End-of-Course Tests may be olbtained 
as follows: 

By students enrolled with JJSAFI: If you received tlxis book 
for individual study through enrollment in the United States 
Armed Forces Institute, you may obtain the End-of-Course 
Test by sending an Application for Institute Test or Ex: a.rm.ination 
(ask your Information-Education Officer or your Edueational 
Services Officer for an application blank) to the Coirxznandant, 
United States Armed Forces Institute, Madison 3, Wisconsin, 
or to the nearest overseas Institute Branch. 

By students enrolled in locally organized classes received 

this book through enrollment in a locally organized class you 
may apply for the End-of-Course Test through your instructor. 

By other students: If you obtained this book by any means 
other than enrollment with USAFI or in a locally organized 
class, you may obtain an application for an End-of-Co vxr se Test 
by writing to the Commandant, United States Armed Forces 
Institute, Madison 3, Wisconsin, or to the nearest o'verseas 
Institute Branch. 

CERTIFICATES OF COMPLETION 

Certificates of Completion, signed by the officers in charge 
of local education programs, are frequently issued to students 
who satisfactorily complete courses in locally organized classes. 
%ecial USAFI Certificates of Completion are automatically 
issued by the United States Armed Forces Institute to students 
who are enrolled in the Institute and who complete XJSAFI 
courses and End-of-Course Tests by individual study. 

USAFI Certificates of Completion are sometimes rec^nired by 
civilian schools in connection with applications for academic 
credit. If you have a local certificate for work done in a course 
based on this book and if a school or college has requested you 
to submit in addition a USAFI Certificate of Com]f>letion in 
order to obtain credit for the course, you must enroll in tlie Insti¬ 
tute in order to apply for a USAFI Certificate of Comj;>Ie1:ion. 
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ELEMENTARY METEOROLOGY 




Chapter I. The Earth and Its Planetary 

Relations 


Tte importance of science in modern life is recognized by 
nearly everyone. We can all think of numberless ways in which 
physics, mathematics, chemistry, biology, and other fields of 
scientific study have contributed to the richness and com¬ 
fort of our surroundings and to the broadening of our general 
knowledge. 

There was a time, in the early days of science, when the 
amount of scientific knowledge was so small that-one well-edu¬ 
cated man could profess to be master of all of it. That time is 
past. The growth of knowledge has added so much of special 
detail in each of the scientific fields that no one mind can under¬ 
stand the total. Today, to obtain a good knowledge of even one 
of the sciences may take more time than the average student has 
to give. Such detailed and technical knowledge is more useful in 
a professional career than in the general business of living. 

However, some study of science is important for the under¬ 
standing of life about us and for the kind of training that it 
gives. Science deals both with general ideas and with definite 
facts and their relation to one another. The mastery of any body 
of facts in the field of natirral science requires the learning of 
many new terms and principles. Much more important, however, 
for the education of the student, is that it requires the constant 
use of reason. Facts in any field of learning cannot be fully 
understood by themselves. They can be unders|;ood only as 
they are related to other things. Reasoning helps us to appre¬ 
ciate that relationship. 

Because modern science tends to be specialized, it is desirable 
that an introductory course in science involve at least some of 
the principles of several of the sciences. To be sure, each of the 
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scientffic studies does this to some degree. Students of physics 
and chemistry cannot progress far without using mathematics. 
Neither can biologists nor geologists advance greatly in their 
Sd^physicf^^ ’^thout applying the principles of chemistry 

But there is one general field of scientific study in which, 
more t an in any otter, important principles from several of tte 
sciences may be brought together and studied in their relation¬ 
ship to one pother. That field may be called earth science. In it 
are combmed facts from several related fields. There are the sim¬ 
ple mathema,ticd ideas relating to the earth as a planet and the 
means of picturing it m maps. There are the physical principles 
governmg the chmates of the earth’s atmosphere. There are the 
processes by which the surface forms of the land are molded. 
There is the chermstiy of rocks and sofis. There are the biological 

elationships of ^e plants and animals that man uses in the proc¬ 
ess of gettmg a hvmg. ' ^ 

Recent years have witnessed a considerable improvement in 
methods of transportation, which, together with the completion 

resulted in increased 

toavel by larger numbers of people. Their travels lead them to 
many mterestmg places, such as the ocean shore, the north 
woods or regions of hiUs and mountains. In these various locali- 

features of the earth’s 
wr may have many beautiful lakes; another may 

have none. One shoreline may be smooth and sandy; another! 
rocky and dangerous. Certain mountains may be rounded 
smooth, and not difficult to climb, wlnle oLrs are rug! 
ged, steep, and so kgh that they are covered with snow and glf- 

rapids and waterfalls contrasts sharply with the slow-moving 

ffiSon^r place cHmaticcon: 

ffitions may vary considerably. A West-coast locahty may have a 

much Wh™’ region 

uch farther inland may experience a great variety of weather 

changes, such as blkzards, hot waves, and droughts A common 

Sl^'ofwb condition of local wither, a knowl¬ 

edge of which IS especially valuable to the farmer, the orchardist 
the airplane pilot, and many others. Most of i^s haveS 



THE EARTH AND ITS PLANETARY RELATIONS 5 

these variations in earth phenomena and have already become 
interested in the way in which they are related to land use and 
man’s mode of living. Certainly a knowledge of at least some of 
them would contribute greatly to man’s imderstanding of en¬ 
vironmental conditions in different parts of the world. This book 
on earth science is an attempt to make such a contribution. 

The Earth 

Many familiar conditions, both in the realm of nature and 
in our everyday lives, have their origins in the shape and size of 
the earth and its relation to other heavenly bodies, especially 
the sun. Our common ideas of distance, area, direction, time, and 
weight depend upon these conditions of earth size and relation. 



Fig. 1. —^The planets move about tbe sun in orbits nearly spherical in shape. Mer¬ 
cury is nearest the sun; Venus comes second; then the earth, around which is shown the 
orbit of the moon. Next in order are Mars, Jupiter, Saturn, Uranus, Neptune, and 
Pluto. Bevolving around the sun between the orbits of Mars and Jupiter are several 
hundred asteroids, 

Such phenomena as day and night, the seasons, the tides of the 
ocean, and indeed the very existence of the oceans and the at¬ 
mosphere depend upon them also. Knowledge of the external 
relations of the earth is important to an understanding of the 
nature of earth environment and of the ways in which natural 
features are related to those created by man. 

The Earth in Space. The earth is a planet. It is a member 
of the solar system which consists of (1) the sun, which is a star 
and the center of the system; (2) nine planets and their satel¬ 
lites, all of which revolve around the sun; (3) several hundred 
asteroids, which are small planets; and (4) a few comets. 

The planets in order from the sun are Mercury, Venus, 
Earth, Mars, Jupiter, Saturn, Uranus, Neptune, and Pluto. It 
should be remembered that the sun shines by its own light but 
the planets reflect the light of the sun (Pig. 1). 
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The earth’s satellite, the moon, revolves around the earth 
about once a month (Fig. 2). Earth and moon travel together, 
making a complete trip around the sun once a year. Eclipses oc¬ 
cur when the three bodies—^sun, earth, and moon—^are in a 
straight line. When the moon comes between the earth and the 
sun, an eclipse of the sun results. This can occur only at the new 
moon. When the earth is between the sun and the moon, an 
eclipse of the moon resrdts. This can occur only at full moon. 
The distance from the earth to the moon is much less than the 
radius of the sun. 


t first quarter 



2-~Tiiis diagram shows the phases of the moon and the eclipses. At the right 
the moon is in position, for total eclipse of the sun, visible at the point where the moon’s 
darker shadow reaches the earth. A partial echpse would be observed at other points 
such as £ and (7. At the left of the diagram the moon is in the earth’s shadow. When this 
occ^s» an eclipse of the naoon is observed from the earth. 

Shape of the Earth. The earth is almost a spjiere. A slight 
flattening at each earth pole causes the radius from the earth 
center to the pole to be about 13.5 miles shorter than the dis¬ 
tance from the center to any point on the equator. That is the 
earth’s greatest departure from being a true sphere. Great ocean 
deeps (6 miles or more below sea level) and high mountain peaks 
(5.5 miles above sea level) exist, but the height of the highest 
mountain above the lowest point on the ocean floor is not more 
than the amount of the polar flattening, K the circumference of 
the earth is represented by a true chalk circle of the largest size 
that can be drawn on an ordinary blackboard, the chalk line 
will have more than enough thickness to include all the earth’s 
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departures from being a true sphere, if they could be represented 
properly at that scale. 

Size of the Earth. The earth has a polar diameter of about 
7,900 miles and an equatorial diameter about 27 miles greater. 
At the equator it lacks only 100 miles of being 25,000 nules in 
circumference. Its surface area is nearly 197 million square 
miles. The size of the earth is, therefore, great but not vast in 
comparison with some other heavenly bodies. The planet Jupi¬ 
ter, for example, has a diameter of over 80,000 miles. 

Force of Gravity. Because of its great size and density 
(weight per unit volume) the earth has a strong attraction for 
objects on or near its surface. This attrac¬ 
tion is called the force of gravity. It holds 
the atmosphere and hydrosphere (waters 
of the earth) on the earth’s surface. It de¬ 
termines the weight of all objects. The 
force of gravity in fact holds the earth 
together and attracts all objects to it. Its 
constant presence is taken for granted by 
everyone. The pull of gravity enables 
builders to establish a vertical line (neces¬ 
sary in constructing walls of buildings) by 
means of a plumb line (a string to which a 
weight is attached). Such a line is perpen¬ 
dicular to a tangent to the earth’s surface 
at the point where it touches. A line drawn 
perpendicularly to the tangent at some 
other point is not vertical (Fig. 3). The 
shadow of the plumb line at noon (sun 
time) establishes a true north-south direction. 

Land, Water, and Air. The solid mass of the earth (the 
lithosphere) is covered in part by water (the hydrosphere). Both 
are surrounded by an envelope of gas (the atmosphere) which 
has a thickness of at least several scores of miles. Each of these 
“spheres” touches upon the life of man in many ways, and their 
many different features or phases combine and recombme in 
hundreds of ways to make up the sets of natural features that 
characterize different regions of the world. 


E C 



the plumb line referred to 
in the text. Only such a 
line can be called vertical. 
The line EF, for example^ 
although parallel to OD, is 
not vertical, for it does not 
form, with a radius, a 
straight line to the center 
of the earth. 
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Some of the combinations of hydrosphere and atmospbcr** 
form re^ons that are eminently suited to the habitation t)f mait 
and to intensive use by modern human society. Others furni 
regions that are very unsuited. In the latter group are (he de¬ 
pressed parts of the earth crust which are occupied by <*<'eans 
and the great seas. These together occupy about 71 per (‘eiit ‘*1 
the surface of the sphere, leaving the smaller part, about HO per 
cent, as the exposed continental surfaces. Only these arc in au.v 
degree suited to permanent human abode. 

^ The total area of the land surface of the earth, abou! d I 
million square miles, is equal to about seventeen tinu'S lb«* 
area of the United States. Upon this rather restricted .mirfao * 
the entire human population of the earth resides and tri«‘.s 
secure a living. However, large parts of the land, for one reason 
or another, are poorly suited to human occupation or use. 
primary purpose of this book is to direct attention to the 
different phases of the major elements, land, water, aiul air, 
which combine to create the great variety of conditions jnuh*r 
which men live. 

Earth Motions 

Earth Rotation and Its Consequences. The two i)iinoipul 
motions of the earth are (1) rotation on its axis and (H) revolu¬ 
tion aroimd the sun. The earth rotates upon an imaginar,%' axi.** 
which, because of the polar flattening, is its shortest diaitnd t'r. 
The ends of the axis of rotation are at the earth poles. Tlu* tiim* 
required for the earth to rotate once upon its axis is calh'tl a r/u// 
and is divided into 24 hours. 

During the period of one day each place on the .splu'rt* in 
turned alternately toward and away from the sun. Each cxpi- 
riences a period of light and a period of darkness. Each also h.is 
been swept over twice hy the circle of illumination (the divi«iiiu; 
line between day and night), once at dawn and again at twilight. 

The direction of earth rotation is toward the east. I’hi.s fact 
has broad significance. Not only does it determine the diu'ctiou 
in which the sun, moon, and stars appear to rise and set. It, is 
also related to other earth phenomena of far-reaching cuu.se 
quence, such as the prevailing directions of winds and ocean 
currents, which will be studied later. 
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Earth Re¥oltitioii, The rotating earth revolves in a slightly 
elliptical orbit, or path, about the sim. It keeps an average 
distance from the sun of about 93 million miles (Fig. 4). It is 
held in its orbit by two forces, viz.^ (1) the attraction of gravita¬ 
tion of the sun and (2) centrifugal force. 

All heavenly bodies attract each other. The larger the body 
the stronger is its attraction. The sun is an enormous body? 
having a diameter of about 860,000 miles. The great size of the 
sun is largely responsible for its tremendous attraction of 


VEFINAL . 
EQUINOX 



AUTUMNAL 

EQUINOX 


Pig, 4.—The relation of tlie inclination of the earth’s axis to the change of seasons in 
the Northern Hemisphere (see Appendix A). 

gravitation,” wliicli holds the various planets in their orbits. The 
attraction o£ gravitation of the earth holds the moon in its orbit 
and attracts meteors toward the earth. The meteors, wrongly 
called “shooting stars,” burn because of friction w-ith the 
earth’s atmosphere caused by the terrific speed at which they 
are traveling (Fig- 5). 

The speed of the earth as it travels through space is indeed 
great, being over 60,000 miles per hour. This speed tends to pull 
the earth away from the sun, like mud flying off a rotating 
wheel. The outward pull exerted by a rotating body is called 
centrifugal force. This force opposes the sun’s attraction of 
gravitation. Here there is a continual struggle between two 




Fig. G.-The earth’s axis is inclined 231° from a line perpendicular to the plane of the 

earth’s orbit. 

The time required for the earth to pass once completely 
around its orbit fixes the length of the year. During the time of 
one revolution the spinning earth rotates on its axis approxi¬ 
mately 365i times, thus determining the number of days in the 
year. 


’ 'North pole 


Fio. S —A meteor made this basin near Winslow, Ariz. The basin is nearly a mile in 
diameter and about 600 feet deep. (fiouHesy of Transcontinental and Western Air, Inc.) 


great forces. The balance between them establishes the orbit 
over which the earth travels year after year. 
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An imaginary plane passed througli tlie sun and extended 
outward through all points in the earth’s orbit is called the 
flane of the orbit. The earth’s axis has a fixed inclination of about 
23|-° from a line perpendicular to the plane of the orbit (Figs. 
6, 7). This position is constant, with the North Pole always 
pointing toward the North Star. Therefore, the axis at any time 
during the yearly revolution is parallel to the position it occupied 
at any previous time. This is called the ‘parallelism of the axis. 

The degree of inclination of the earth’s axis and its paral¬ 
lelism, together with the earth’s shape, its rotation on its axis, 
and its revolution about the sun, combine to produce several 
earth phenomena which are of vital importance among the 



Fig 7.—The sun, somewhat off center in the earth’s orbit, is about 3 million miles 
closer to the earth in January than it is in July. Winter and summer climates are due to 
the inclination of the earth’s axis NS and not to distance from the sun. 

conditions that surround us. Some of these are (1) the primary 
distribution of the sun’s heat and light over the earth, (2) the 
changing of the seasons, and (3) the changing lengths of day and 
night. These matters and others related to them will be dis¬ 
cussed more fully in their connection with climate. 

Location on the Earth 

Earth Grid. The location of the North and South poles of 
the earth is established by rotation of the earth on its axis. With 
the poles as starting points, a system of lines can be drawn upon 
a globe. These lines, called parallels and meridians, make possible 
the location of places on the earth’s surface. The complete 
system or network of parallels and meridians is called the earth 
grid. 

The equator, zero latitude, is a line that passes around the 
earth halfway between the poles. It is a Great Circle. A Great 
Circle is (1) the largest circle that can be drawn on the globe 
and (2) the shortest distance between two points on the earth’s 
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90°M 



surface, and (3) its plane always passes througli the center of 
the earth. If a wire hoop is made to fit snugly around the equator, 

it can be adjusted so as to pass 
through any two points on the 
earth’s surface, indicating the 
shortest, or Great Circle, distance 
between these points. Ocean lin¬ 
ers and airplanes follow Great 
Circle routes whenever possible, 

A 'parallel is an east-west line, 
drawn completely arotmd the 
earth, with all points equidistant 
from the equator. Parallels are 
called Small Circles because each 
one is smaller than the equator, 
the size decreasing as the poles 
are approached (Fig. 8). The 
Great Circle distance between 
two points on the same parallel is 
shorter than that along the 

parallel itself (Fig. 9). 

Latitude is distance measured in degrees north and south of 
the equator. From the equator to either pole is 90°. Parallels of 
latitude on a map or globe may be 
drawn 1, 5,10, or any other conven¬ 
ient number of degrees apart. All 
points on the same parallel have the 
same latitude. One degree of latitude 
is always about 69 nules. Phila¬ 
delphia is on the 40th parallel of 
north latitude. Its distance from the 
equator is, therefore, about 2,760 
miles. Latitude is determined by a 
sextant, an instrument that meas¬ 
ures the angle between the sun’s 
rays and a tangent to the earth’s 
surface. This angle is called the sun altitude (Fig. 10). The 
altitude of the North Star is made use of in calculating 
latitude at night. On board ship, latitude is usually determined 


!Fig. 8. —^In this simplified diagram 
of the globe are shown one of the 
parallels and a Great Circle, made up 
of two meridians. Point A on this 
diagram could be located on anj map 
by the direction “0'^ Long., 0® Lat.’’; 
point By by the direction “ 180° Long., 
Lat.*’ 


,^a!lcMe Cparaf/el) 
f€reof c/rcle 



Fig. 9.—^The distance between 
two points on a parallel (a small 
circle) may be covered more 
quickly by following a Great Circle 
route than by following the arc of 
the parallel. The Great Circle path 
on a globe may be observed by 
stretching a string tightly between 
any two places. The arc of the larg¬ 
er circle more nearly approaches a 
straight line. 
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at BOOB., provided the siia is not hidden by clouds. One degree of 
latitude (or longitude) is divided into 60 minutes (0^ and 1 
minute into 60 seconds (")• Thus the exact latitude of a given 
point may be 49°56'14"N. 


N.R 



S.R 


Fig-. 10.—^Point JB represents any point on tlie equator at noon at the time of an 
equinox. The sun is directly overhead, vrith its rays striking the equator at an angle of 
^0°. At Philadelphia (A) the angle is 50° S. At Cape Horn (C) the angle is S4 N. Since 
.angle A = A' it is evident that the latitude of A = 00° — S.A. 

Fonr parallels of latitude are of special importance. Because 
of the ^3^^ inclination of the earth’s axis, the vertical rays of the 


■Winter Solslice 
December 92:' 


-Orcfe ofiJlifmlrraHon 


rVerfjca/ ray 


ray 



Summer Solstice 
June 21 


Fig. ll.— These studies of the distribution or light on the earth, m muter and sum¬ 
mer present in detail two of the positions illustrated in Fig. 4. The sun’s rays are shoim 
by parallel hues. Note the shifting of the vertical ray. Ajugle A is the noon suu altitude 
at a point 53“N.Xat. Ou the June 21 diagram, what is the sun altitude of the Tropic 
of Cancer? The A-ntarctic Circle at noon? The ArctiivCirde at miduight? 


SUB move north'^^and south. o£ the equator (Pig. 11). The 
Tropic of Cancer is the parallel and is the farthest north 

reached hy the vertical rays of the sun at the time of the summer 
solstice, about June 21 (Northern Hemisphere). The Tropic of 
Camicom is the parallel and is the farthest south reached 
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by the vertical rays of the sun at the time of the mnier solstice * 
about December 22. The Arctic Circle is the parallel 66-|-°N. and i-*-* 
determined by the point where the sun’s noon rays are tangen t t * » 
the earth’s surface at the time of winter solstice. The Antarct i • 
Circle is the parallel 66i°S. and is determined by the point wln-^*** ‘ 
the noon sun’s rays are tangent to the earth’s surface at tli** 
time of summer solstice. These four parallels are often considc^rc’^* 1 
as the boundary lines between the tropical, intermediate, 
polar zones of the earth. The vertical rays of the sun cross * 
equator twice each year. The time of their first crossing, al>o ^ 


Wesf Longifude East Longi+ude 
40° 30® 20® 10® 0® 10® 20® 30® 40® 



Pro. 12.—^Point A is 10®E. Long, and 20°N. Lat. Give tlie longitude and latitude of tl*r» 

other points. 

March 21, is called the vernal equinox. Their second, al>otit 
September 21, is called the autumnal equinox. On these dates, 
and night are equal everywhere on the earth, each being 1 
hours. 

A meridian is a north-south line drawn on a globe from i>€>1« 
to pole. Each meridian is one-half a Great Circle. All places ox* 
the same meridian have the same longitude. Meridians may I »«* 
spaced any convenient number of degrees apart on a map « n* 
globe. The prime meridian is zero longitude and passes through 
Greenwich, near London, England. 

Longitude is distance measured in degrees east and west «* f 
the prime meridian. The only point on the earth’s surface havi 11 j • 
zero longitude and zero latitude is in the Gulf of Guinea on. I !»«- 
west coast of Africa where the equator crosses the prime meri<i i it * i 
(Fig. 12). Longitude extends 180° east and 180° west from tlxo 
prime meridian. 
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Opposite the prime meridian is the international date line 
which roughly follows the 180th meridian near the center of the 
Pacific Ocean (Fig. 13). This is the line "where day begins and 
ends.” Travelers crossing the date line going west add a day 
and going east subtract a day. "When it is noon on the prime 
meridian, it is midnight on the 180th meridian. Likewise, when 
it is noon on the meridian of 90°W. Long, (near St. Louis, Mo.), 
it is midnight on the meridian of 90°E. Long, (near Calcutta, 
India). 
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Fig. 13.—Wten crossing the international date line going west, travelers add a day; 
going east, they subtract a day. Only when it is midnight on the date line is the whole 
world living in the same day. 

Degrees of Longitude Vary in Length. All the parallels of 
latitude, except the equator, are smaller than a Great Circle. 
Since each parallel, regardless of its circumference, is divided 
into 360°, it follows that the length of 1° of longitude, in miles, 
must decrease toward the poles. One degree on the equator, a 
Great Circle, has about the same length as an average degree of 
latitude (about 69 miles). 

The following table gives the approximate mileage per degree 
of longitude along certain parallels: 


LaiiliidCy 

Degrees 

Miles per Degree of 
Longitude 

Latitude, 

Degrees 

Miles per Degree of 
Longitude 

0 

09 

50 

44 

10 

08 

60 

34.5 

£0 

05 

70 

^3 

30 

59 

80 

n 

40 

53 

90 

0 
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The longitude of an unmapped place east or -west of the pri 
merichau or of a ship at sea can be determined only by finding’ 
the differewe in time between that place and the prime meridi^^^ ■ 
This was first accompKshed by means of accurate timepiecos 
(chronometers) carried on hoard ship and set at Greenwich, ni* 
prime meridian, time. Observation of the sun at the instant wii^» 
it reached the highest point (zenith) in its daily course across 
the sky gave local noon time which could then be comparesd 
directly with the chronometer, and the difference in time trans¬ 
lated into degrees and minutes of longitude (Tig. 14). NoW,. 
instantan^us commmication by telegraph and radio makes 
accurate time comparison possible almost everywhere and, there¬ 
fore, makes possible greatly improved determinations of longi*" 
tude. This is of particidar aid in geographical exploration*, 
aviation, and ocean transportation. 
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don iMs 6 A M*fn qf f^ oflongitude equal 1 W of time. Wiien it is noon in Lorat- 
r5‘' ® ““ Calcutta, India. Suppose that on 

London time (by radio) is 3 p.iv*:. 
The ship B iS^W. long. What would be the longitude of a ship that at noon Lei^^l 

London tune as 9 a.m.? 6 a.m.? Midnight? «-uonu receiw-ecj 


Accurate Location. The intersection of any two lines is a. 
pomt. Consequently, any point on the earth’s surface may Tbe 
located by determining that it lies at the intersection of a 
certain men^an with a certain parallel. By exact determination 
ot its latitude and longitude the location of any place may Ibe 
caressed briefly and with great accuracy. Thus, when we sav 
tiiat the dome of the national Capitol at Washington, D.C., 
IS located at 38“53'23"N. Lat. and 77°00'33'’ Long, west of 

Greenwich, we have stated its exact position on the earth to 
witMiL 10 paces. 
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Longitude and Time. The earth rotates eastward through 
its entire circumfeieuce of 360° of longitude in M hoirrs, there¬ 
fore through 15° in 1 hour. When noon arrives at any meridian, 
it is already 1 hour later (1 p.m.) on the meridiaa 15° east of that 
one, and it lacks 1 hour of noon (11 A.M.) on the meridian 15° 
to the west- "When the sun is directly over a given meridian, it is 
noon at all points on that meridian from North Pole to South 
Pole. Pour minutes later it is noon on the meridian 1 degree 


farther west. 

In a generation past, each town kept the time of its own 
meridian which was called apparent solar time or, ia common 
American parlance, snn time. When rail transportation per¬ 
mitted rapid travel, it became 
awkward or impossible to change 
one’s time a few minntes with 
every village passed. To avoid 
this necessity, eachrailroadadopt- 
ed an arbitrary time scheme which 
differed from that of most of the 
places it passed through but was 
the same for considerable dis¬ 
tances on the rail line. Unfortunately, several railroads in a re¬ 
gion often adopted different times for their own use. Conse¬ 
quently, it sometimes happened that a town reached hy different 
railways found itself required to use or distinguish between several 
different kinds of time; its own solar time and one for each of 



its railways. . . i j . .u 

The awkwardness and confusion of this situation led to the 

adoption by American railways, in 1883, of a system of standard 
time. This system, in theory, supposes that aU parts of a north- 
south zone 15° of longitude in width adopt the solar time of the 
central meridian of that zone. Places within the zone that are 
east or west of the central meridian, instead of differing m time 
by a few minutes from it and from each other, all have the same 
time. Changes of time are then necessary only m crossing the 
boundary of the zone, and each change is exactly 1 hour. e 
timepiece is set forward (as from 12 to 1) in traveling east and 
is set back (as from 12 to 11) in traveling west. In practice, 
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these zones are not bounded by meridians but by irregular 
the location of which is dictated by railway convenience 
political consideration. Figure 15 shows the present standai*<J 
tune zones of the United States. 
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lines^Lw t™® “Orth as indicated by meridians. The dotto*! 

at A Cin Tsr#.tif V ^ magnetic compass. The magnetic variatio» 

R New York) ,s lO°W.; at D (in Washington). 20“E.; at C (in Kansas) 10“K.S 

true and li“e. the compass points botl* 

On the whole earth th^ sh^iJd be 24 standard time zone»,'^ 
each emending from pole to pole and each differing from Green- 

WlCJl nv a. rlpfimf/i •nitTrvi'Uxv^ T_ x .. 



P« p.». im. ..A ^ 

ment is not quite so simple. Although most countries follnw tb» 

^ certafa isolaM co^ptrie. e^oy 

^ not m«tople. olU and. therefore, do not differ fr^ Gr!S 
moh tune by eract hour,. For example, Netherlands time 
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lYiim jt.RS faster, and Bolivian tiine is 4 hours and 33 nunutes 
(instead of 5 hours) slower than Greenwich time. 

Direction. Places may be located in terms of direction such 
as northeast (45°), east (90°), southeast (135°), 

Much direction finding, especially in land surveys, still is 
accomplished by means of the magnetic compass. The needle of 


this instrument aligns itself with the 
magnetic lines of force that surround 
the earth. The magnetic north and 
south poles of the earth happen not 
to be located at the geographical 
poles, are not exactly opposite each 
other, and even are subject to slight 
changes of position. In consequence, 
there are few places on the earth where 
the magnetic needle points true geo¬ 
graphical north. ^ ’ 

The agonic line connects those 



Fiq. 18.—The magnetic vari • 
ation at [Boston, Mass., is 15°W. 


places where the magnetic compass The heading of an airplane from 
points true north as well as ma^etic lie^va^tion, 

north. In the United States thiSjline the compass will read 285° instead 

follow, a ve.y ir^ar oc^e from 

Michigan to South Carolina (h Igs. lo, shown by a magnetic compass. 

17).Eastof the agonic line, as in New The angle measured do^wise 
S.I). iJtioL vx xixv. ^ ^ heading of 

York, the magnetic compass points a 

few degrees west of true north. West course; from magnetic north to 
p Ihe heading of the plane is the 

of the agonic line, as in Colorado, mag- ,fnagnetic course. What would the 

netic north (indicated by the compass) magnetic course be if the starting 

i, east of true uorth (indieated by a 
meridian). Magnetic variation, or dec¬ 
lination, is the angle between true north and magnetic north 


An isogonic line connects places of equal magnetic variation. 
In flying across country an airplane pilot must be familiar with 
changes in magnetic variation and know how to calculate true 
directions from compass readings (Fig. 18). True north is indi¬ 
cated by the shadow of a vertical rod, or plumb line, at noon, 
sun time; or by the North Star at night. Becent improvements 
in the radio compass and directional radio-beam navigation 
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make pilots and navigators less dependent on the magnetic coici'* 
pass than in past years. A good navigator, however, seldom res- 
lies entirely on one system of navigation. 


Smmnaxy 

In this chapter we have considered a few facts concerninK^ 
the earth in space. The size, shape, and motions of the eartJj. 
greatly influence our daily lives. The system of longitude aii«T 
latitude (1) helps us in locating places and (2) provides 3 . 
method of measuring distances on the earth. Longitude is useful 
in establishing time belts. The earth’s magnetism is useful in th.® 
navigation of aircraft and ocean liners. 

We have learned the meaning of the lithosphere, the hydro¬ 
sphere, ^d the atmosphere. The neid; few chapters deal with tB.cs 
atmosphere and include mamly a study of weather and climate. 

Questions ^ 


1. What are the members of the solar system? 
What is a planet? A satellite? 


3. ^ what order do tJbe planets range from the stm? 

4. How do planets differ from stars? 

ti, revolve once aboufi 

the earth? What causes an eclipse of the sun? Of the moon ? 

6. What M the shape of the earth? 

moiLt^f greatest ocean depth? The height of the highest 


*T.- dep^ of the oceans is 2^ miles. How much would 

to scdeT ^ ^ ™ diameter and having surface features molded 

10 ^® probable reason for the polar flattening of the earth ? 
10. The polar diameter of the earth is how many miles? The 

t^ between these two 

JupfltrT*^ diameter compare with that of 

ve4cal^r? effects of the force of gravity? What is a. 

11 establishing a true north-south line? 

]l' ^ . lithosphere? The hydrosphere? The atmosphere? 

P«- 

15. Why is much of the land surface sparsely populated ? 
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16. What axe the two principal motions o£ the earth? 

17. What is the earth's axis? The poles? The circle of illumination? 

18. What axe some results of rotation of the earth on its axis? 

19. What is the average distance from earth to sun? 

29. The earth makes one revolution around the sun in how many 
days? (Find out the periods of revolution of the other planets.) 

21. What is the earth's orbit? What is the shape of the earth's 
orbit? What holds the earth in its orbit? 

22. What is the diflference between gravity and attraction of 
gravitation ? 

23. What is a meteor? 

24. What is the plane of the orbit? 

25. How much is the earth's axis inclined? 

26. What is meant hy the parallelism of the axis? 

27. What are three results of the combined effects of inclination^ 
parallelism, rotation, and revolution? 

28. What is the earth grid? The equator? 

29. What are three characteristics of a Great Circle? 

30. Why do airplanes and steamships follow Great Circle routes? 

31. What is a parallel? Latitude? What is the latitude of the 
equator? The poles? Why are parallels called Small Circles? 

32. Why is the Small Circle distance between two points greater 
than the Great Circle distance? 

33. One degree of latitude is about how many miles ? What is the 
latitude of New Orleans? How many miles is it from the equator? 

34. What is meant by sun altitude? With what instrument is it 

measured? 

35. In what two ways may latitude be calculated? 

36. What is the Tropic of Cancer? The Tropic of Capricorn? The 

Arctic Circle? The Antarctic Circle? 

37. What is the summer solstice? Winter solstice? Yernal equinox? 

Autumnal equinox? ’ ’ -to 

38. What is a meridian? The prime meridian? longituder' 

39. What point has zero latitude and zero longitude? 

40. Where is the intern-ational date line? What is the purpose of 

this line? 

41- When it is noon eO’E., at what longitude is it midnight? 

42. What is the length in miles of 1° of longitude on the equator? 

On the 30th parallel? On the 80th parallel? .i 

43. By-what method is longitude determined? 

44. How is the exact location of a point on the earth’s surface 

expressed? 
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45. Wtat are the longitude and latitude of New York London 

Cape Town, Buenos Aires, Melbourne, Honolulu, and Manila- ? 

46. How many degrees of longitude equal 1 hour of time? 

47. Why was the system of standard time adopted? 

48. What determines the standard time of any belt? 

standard time belts of the United States? When 
Chicago?^ ™ Angeles? New York ? 

T. T “Vidian, 0, determines the standard time of 

t i^rdoT? “ “°°° “ ®*- «« 

plans'? “ Msnetio compass not point true north at most 

M S variation? Isogonic line? 

varia«ort‘£„a^; IX^h" 

& wsrRU£ifc:?™'“°“ ““ ^ 

55. In what two ways can you determine true north? 

/ Suggested Activities 

altitudeTt noon ^ daily record of the sun 

a titude at noon for several months. At the time of equinox the sun 

alttude subsrtacted from 90" will give yonr lafrtndc. 

Un a clear night, locate the North Star by means of tksa Ttf,, 
Drpi^r The direction of the North Star is true 

3. Erect a vertical rod or plumb line, and mark the positions of i 

shadow at various hours of the day. Positions of its 

4. Practice pointing in the direction of large cities. 

tweL troriTl ™ and sunset on the 

sun altitude ’ September, December, and March. Record the 

sun altitude at noon on these dates and the number of hours of su^ 

ohscrt-aSlS f»m 2 wonid acso 

ulixer irom those made m your own locality? 

ai3? pSr^Te^inTafmtTor^irir"^' 

Learn directions from place to nlace M-ins f ®^Poot to visit, 

on a. map h, mally in'^&n Sno^^ 
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7, IVIake it large cities scattered over the various continents. 

By ii.sing maps, ih'ienninc as closely as possible the longitude and 
lalitudc of each. 

H- If possibliN visit an airport. Observe the magnetic compass, 
ratlio compass, and diri'cdinniil radio-beam apparatus. 

9. Find out the inagiK‘tic variation in your local community, 
Ko'rn: Other aclivities may be found in the laboratory manual. 

Topics ror Class Reports 

1. The Bolar System 

2. l^-oofs that the Ikirih Ts Spherical in Shape 

3. Tlu^ Royitl Astronomical Observatory at Greenwich 

4. The Locations of Great Circle Routes between Important 

Cities 

5. Standard Tm\e Bt^lls of Europe 
0. The Interna!ional Date Line 

7, The Earth as a IIug<^ Magnet 

B. Magnetic \kiriation in DilTerent Parts of North America 
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Chapter II. Temperature of llie 
Atmosphere 


Man lives on tlie solid portion of tlic (Nirl.h’s .suri'act' hu { ii» - 
and at the bottom of, a sea of air which is iminy (U‘t‘in‘r 

than any ocean. This sea of air, or the atmosphere, has e<‘rl ail* 
characterisfacs that greatly influence man’s life. Of the variinw 
natural environment that aflexd the liscduI.u'.sH *,f 

foLm® beings, such as climate, la,uf- 

’ native vegetation, climate probjihly 

^ ^ is the most important sinirh> if t-iil. 

This is because climate rur.‘et.s « 
region’s usefulness notonlv dirc<-f H- 
but also indirectly througfli its iti- 
fluence upon native vegetati***!. 
soils, and laiulforms. a'lius lar««’ 
areas withsimilarclimatesan' liktd v 
to have strong resemblances «ls*» 
m vegetation and soils. 

. air near sea lev*?! 

IS a mechanical mixture of a mim- 
ber of gases. Two of them, nitn.^.-n 
(v8 percent) and oxygen (m'arly >.* 1 

cent of the total by volume (Kg^S ’At comprise W) jn-r 
tain lighter gases, especially hyio^et "^r’ 
atmosphere also are smaller amounts 

ozone, and others. In addition tn tl, carbon dioxuh', arg« m. 
air contain variable amounts of + lower layims of 

cent on hot, humid davsl and n P’’** 

mmor gases of the air are far mo.. ■ certain of tlr*. 

are tar more mportant than nitrogen a.ui 



Tig. 19. The atmosphere is 
composed mainly of nitrogen and 
oxygen. Both are colorless, odorless 

erti C! AO v-oia 
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oxygen. Subtract tlie single item, water vapor, from tie air, and 
rainfall would cease, rhis invisible vapor condenses toform clouds, 
fog, dew, frost, rain, snow, sleet, and bail. "Water vapor acts as 
a sort of blanket in. helping to regulate the temperature of the 
air, because it readily permits sun energy to reach the earth but 
tends to retard the Taxation of heat from the earth. 

Certain kinds of dust particles serve as nucleuses upon which 
water vapor condenses to form raindrops. Dust in the air is 
largely responsible for the colors of sunrise and sunset, the blue 
of the sky, and the occurrence of twilight and dawm. Abundant 
smoke and dust over large cities act as a screen to incoming sun¬ 
light and greatly hinder visibility. A combination of smoke and 
fog is known as smog and at times, especially near cities, m a 
severe hindrance to aviation. 

Elements of Weather and Climate. The principal elements 
of the atmosphere that largely determine, the weather or climate 
at any given time or place are temperature aud precipitation 
(including humidity and clouds). In addition to these are such 
elements as atmospheric pressure, winds, storms, and visibility. 
Weather is the sum total of these elements for a short period of 
time. Two friends meet on the street and speak of the weather 
for today or of last week. Climate is the generalization of the 
great variety of weather conditions over a long period of time. 

The Controls of Weather and Climate. Variations in 
weather and climate are due to the climatic controls, which are 
(1) latitude, which largely deternaines (a) the angle of the stm’s 
rays and thus their efiectiveness and (6) the duration of sun¬ 
light; (2) distribution of land and water; (3) winds; (4) eleva¬ 
tion; (5) mountain harriers; (6) the great semipermanent high- 
and low-pressure centers; (7) ocean currents; and (8) storms of 
various kinds. These controls, acting with various intensities and 
in different combinations, produce changes in temperature, 
which in turn give rise to varieties of weather and climate. It is 
well to remember that climatic controls acting upon climatic 
elements produce various types of weather and climate. 

Temperatxire 

Sources of Atmospheric Heat. The sun is the most impor¬ 
tant source of heat for the earth’s atmosphere. Out into space 
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from ttis gigantic body, whose diameter is more than ci»' bi?iJ« 
re that of the earth, and whose surface teiupcratur*- 

estunated to be more than 10,000°F., streams a 
amoun o energy. The earth, nearly 93 million inilcs lii-^f ;u« 
m ercepts only a tiny part of this output. The rjuliaut «'Ut » 
receive rom the sun, transmitted in the form of short 
an rave ing at the rate of 136,000 miles per sc'cmiui, is *1 
so ar ra lation, or insolation. To the small amouiit of itisofati* *u 
received at the earth’s surface most of the physical anil all ♦ h*. 

existence', lire .ii-.- 
of insolation over the earth’s surface hs of oiitsf au.li»i*f 
3 «faiiding weather and climate. < Imt .u inly I h« 

^ insolation, is the greatest single control of cliimitc. 


Sms Raus 



s p h ^ r 5- 

the earth’s surface than Tertfcd*iays^fi)“fOT 7 »* 

thicker layer of atmosphere, They muat flmnwh « 

a iney spread their energy over a wider art-n. 

ceived^faniount of imsolaJum r.‘- 

ofdayCnumL ofhoSrofithtr''!?^^^^^^ 

angle at which <“■ Ho- 

oblique solar rays deliver less ener^ to thr^tth? ^ "T *’"’''7'”'’ 
direct rays: fl') ObUnne -Mn,. ro tne eailli .s surfat-e* f ha n 

are &ecf ft) .. 

than direct rays, and the air rough ituicli nHjr,* air 
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to this great difference in the angle of the sun’s rays is the fact 
that there are many more hours of sunlight in June than in 
December. 

Length of the Longest Day (Aeso of the Longest Night in the Opposite 
Hemispj^ere) at Certain Latitudes 
Latitude Equator 17^ 41*^ 49*^ 63° 06|° 69°51' 78°11' 90° 

Duration (hr.) 12 13 15 16 20 24 1 mo. 2 mo. 4 mo. 6 mo. 

The earth is some 3 million miles closer to the sun in January 
than in July. That there is a cold season m the Northern Hemi¬ 
sphere at the time when the earth is nearest the sun and a warm 
season when it is farthest from the sun tends to emphasize the 
fact that this item of distance is minor compared with length of 
day and the angle of the sun’s rays. In general, it is well to re¬ 
member that the higher the sun altitude and the longer the days 
the higher the temperature; and the lower the sun altitude and 
the shorter the days the lower the temperature. 

Much sun energy that reaches the earth’s outer atmosphere 
is prevented from heating the earth’s surface. A considerable 
percentage is lost by reflection from clouds, small dust particles, 
molecules of air, and the earth’s surface. Some 10 to 15 per cent 
is absorbed directly by the atmosphere. About 50 per cent 
reaches the earth’s surface, heats it, and eventually heats the 
atmosphere as well. 

Seasons. An explanation of the change of seasons as re¬ 
gards temperature is given in Appendix A and should be studied 
carefully at this point. The inclination and parallelism of the 
earth’s axis are responsible for the day-to-day change in sun 
altitude and length of day resulting in the change of seasons. 
One should constantly bear in mind that the time of seasons in 
the north and south intermediate zones is reversed. When it is 
summer in the United States, it is winter in Argentina. The 
change of seasons in the intermediate zones is much more pro¬ 
nounced in the interiors of large continents than along windward 
coasts where ocean influence is felt. 

Heating and Cooling of Land and Water Surfaces 

Land and Water Contrasts. Sun energy is of such a nature 
that only relatively small amounts (10 to 15 percent) of it can be 
absorbed by the earth’s atmosphere. In order to he absorbed by 
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&st be converted into beat energy giver 
S tbe earth, conversion takes place principally at the 
ear s surface. Thus the atmosphere receives most of its heat 

ec y rom the earth s surface and only indirectly from the 
sun. « 

For tte Mowing reasons land surfaces heat and cool more 
rapidly than water surfaces: 

1. more heat is required to raise the temperatures of I 

cubic foot of water 1 than is required for 1 cubic foot of soil or 
rocK.^ 

2. The sun s rays penetrate to considerable depths in water 
and are thus required to heat a greater mass than is the case 
with land. Since land is opaque, only the surface layers of soil 
and rock are heated to any extent. 

dr,-f?= lias movements in the form of waves, 

currents, and tides that tend to distribute the absorbed 
S t^oughout the whole mass. Obviously, no such 

land smfa? Ttf ^ landmasses, and the 

w^enTtS ^ temperature. Moreover, 

2 un Z r "l r ‘=<>“^«ctional currents are 

nLS’W w ’ T" being re- 

p ^ed by warmer waters from underneath. Therefore water 

bodies cool much more slowly than do land bodies auTleld to 

act as regulators of air temperature. 

^ ^om the foregoing comparisons it becomes evident that 

^.treme, of temperature; on the other\;^t<SruWled 
manne, climates should be more moderate. 

How the Atmosphere Is Warmed 

-eVaZcrar—ri&S; 
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the air, it must first be converted into heat ener^ giv'<*n 
off by the earth. This conversion takes place principally at 11* *“ 
earth’s surface. Thus the atmosphere receives most of its lu*J* t 
directly from the earth’s surface and only indirectly from f h “ 
sun. * 

For the follovring reasons land surfaces heat and cool int»r* 
rapidly than water surfaces: 

1. Much more heat is required to raise the tempcraturi' of I 
cubic foot of water 1° than is required for 1 cubic foot of st)il or 
rock.^ 

2. The sun’s rays penetrate to considerable depths in wat<*»* 
and are thus required to heat a greater mass than is the 

with land. Since land is opaque, only the surface layers of soi 1 
and rock are heated to any extent. 

^ 3. Water, being a fluid, has movements in the form of waves* 
drifts, currents, and tides that tend to distribute the absorbt»«i 
solar energy thxoughont the whole mass. Obviously, no sxicl* 
distribution and mixin g can take place in landmasses, and tilt* 
land surface, therefore, attains a higher temperature. Moreover* 
when a water surface begins to cool, conrectional currents are- 
set up, the cooler, heavier surface layers sinking and being rt*- 
placed by warmer waters from underneath. Therefore, water 
bodies cool much more slowly than do land bodies and tend to 
act as regulators of ab temperature. 

^ From tke foregoing comparisons it becomes evident that.* 
wi^ the same amount of solar energy falling upon each, a land 
surface will reach a higher temperature, and reach it mort‘ 
quickly, than a water surface. Conversely, a land surface also 
cools more rapidly. Land-controlled, or continental, climttte.H. 
tterefore, should be characterized by large daily and seasonal 
extremes of temperature; on the other hand, ocean-controlled, or 
manne, climates should be more moderate. 


How the Atmosphere Is Warmed 


^ discussion, 

th the distribution of solar energy over the earth and tin 


^ Speeife heat is the term applied to the amount' of heat 
the temperature of 1 gram of a substance 1®C. 


(calories) required to rai ««5 
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contrasting reactions of land and water^surfaces to tiis solai^ 
energy. We are also aware that the air receives most of its energy 
directly from the surface upon which it rests and only indirectly 
from the snn. This is sufficient background for an analysis of 
the processes involved m heating and cooling the atmosphere. 

Absorption of Sun Energy, As previously stated, the atmos- 
phere absorbs directly only about 10 to 15 per cent of the solar 
energy that conies to it. Such absorption takes place mainly in 
the upper layers of the air. This process, therefore, is not very 
effective in heating the layers of air close to the earth. Often on 
a clear winter day, when snow covers the ground, air tempera¬ 
tures may remain bitterly cold in spite of a bright sun. At the 
same tinae, on the south side of a brick building, the temperature 
may be much more comfortable. This is because the brick wall 
absorbs sun energy and converts it into a form of heat energy 
that is effective in warming the surrounding air. 

Conduction from the Warm Earth. Conduction refers to the 
transfer of heat (1) through a substance, such as a metal rod, and 
(2) from a warm substance to a cooler one, provided they are in 
contact. During the daylight hoinrs the solid earth (without a 
snow cover) absorbs much solar energy and becomes warmer 
than the surroundiug atmosphere. By conduction, therefore, the 
layer of air resting npon the warmer earth becomes heated. Air, 
however, is a poor conductor. As a result, the transfer of heat 
from the lower, warmed layers of air to those above is very slow. 
It is a well-known fact that, ordinarily, as one goes up in the air 
the temperature drops. 

The Air Absorbs Heat Radiated from the Earth. Since the 
^arth absorbs solar energy, it becomes warm and therefore 
radiates heat just as the sun does. This heat radiated from the 
earth isreadily absorbed by the air. It is estimated that, although 
only 10 to 15 percent of the solar energy is absorbed by theatmos- 
phere, some 90 per cent of the radiated earth energy is absorbed. 
As stated before, water vapor and, to a lesser extent, carbon 
dioxide and ozone are the principal absorbing gases. One reason 
for the rapid night cooling in deserts is that the dry air and clear 
sky permit a more rapid escape of the heat that is radiated from 
the earth. One may think of the atmosphere as being somewhat 
like a pane of glass which lets through most of the incoming 
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solar energy but greatly retards the outgoing heat, or earth ra.cl in,- 
tion. This is the so-called greenhouse effect of the atmospli<‘**<*- 

Through the first three heating processes described abo’V'* 
there is actually an addition of energy to the atmosplit‘>f*«*- 
Through the three processes whose description follows, thei'e *.*; 
no addition of energy but only a transfer from one place f «» 
another, or from one air mass-to another, of that which alreaxf:^* 
has been acquired. 

Convectional Currents from the Warm Earth. The surfaetJ 
air after being heated by conduction and radiation expands 
volume and consequently decreases in density.^ Because of 
expansion, a portion of the warmer, lighter column of air ovoi*— 
flows aloft, thereby decreasing its own pressure at the surfac.Tt.': 
and at the same time increasing that of the adjacent cooler nf r- 
This causes a lifting of the warmer, lighter air column by tiro 
heavier, cooler, settling air which flows in at the surface to 



Fig. 21.—Representation of a convec¬ 
tional circulation. 


displace it. Such a circulation 
described above and illustrated! 
in Fig. 21 is called a convection e.Jti 
system. Warm surface air, esc— 
panded and therefore less dense, 
is like a cork that is held under 
water, i.e., it is imstable and in¬ 
clined to rise. This convectioniil 


. ; principle (which applies to li<l- 

mds and gases only) is employed in the ordinary hot-air and bo t- 
water heating systems. On a hot summer day “bumpy” air i.H 

e^enenced when an airplane alternately crosses rising ami 
sinkmg air currents. ^ 


Conduction and radiation are especially effective in heating 
the lower layers of atmosphere, but convection, on the otht‘r 
hand, IS capable of carrying heat to the upper air strata as w<d I. 

Importation by Air Masses or Winds. “It will be warnuM’ 
today because there is a south wind.” Such a remark is commoi i 
in many parts of North America and Europe. The south wind 
may be an air mass of tropical origin which is advancing north- 
ward. In so domg, it conveys the temperature conditfons ae- 
qmred m its source region where high temperatures are normal. 

ensity means weight per unit volume. 
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an iiiiporhition of southerly warmth in winter results in 
mill 1 weather, with melting snow and sloppy streets. In summer 
sevt-Tul days of south wind may result in a “hot wave” with 
muximum temperatures of 90° to 100° or above. 

Heating by Compression. A mass of air generally becomes 
wurnier as it descends from higher to lower altitudes, c.g., when 
it moves clowi a mountain slope. At lower altitudes, a thielau* 
la,^*e^ of air is pressing down ui)on the descending air mass, 
whi<*h gradually is being compressed in volume. Work is being 
<lon<' ui)ou the descending air, and as a result of compression its 
t<'mi>(‘rature is increased. 

How the Atmosphere Is CoolexI 

Radiation to the Cooler Ground and to Space. During the 
nighl. the earth’s surface may radiate heat so rapidly that it 
becomes cooler than the air above it. When this condition 
prevails, the lower layers of atmosphere lose heat by radiation to 
tht; colder ground as well as upward toward space. 'This process 
is particularly elTe<;livc during the long nigbts of winter wlnm, 
if t he skies are eh-ar aind the air is dry and eaihn, very nipial aind 
loHfr-eoulimied nulisdion hikes place. If .snow covers llie ground, 
cooling is even more pronounced. Thiscuuiscs a greater decTcnse 
in t he temperiiture of the lower layxTS of air. 

Wader, like bind, is a good radiator, but the cooled surface 
’Waiters keep eonsiaudly sinking to be reialaicixl by wairmer eair- 
wills frotii below. Exlreim'ly low aiir lempiTaitures over lairgt^ 
waiter bodies aire imi»ossible, therefore, imlil they are frosoui 
over, aifter which Uiey act like a suow-cov<’red laiml snrfaei*. 
11 11 mid atir or at cloudy sky lends to prevent raifiid eairth raidiailion, 
so thad. air lemperaitures remain higher. 'Thus frosts are less 
likidy to occur ou humid nigbts and cspeciadly when ai eloml 
cover prevails. There are authentic cases in tlie dry air aind under 
I hi* elomllcss skies of the fsadiaira Desert in northern Afrieai, 
where day lern[)eraturcs of 90° have been followed by night 
temperaitures slightly below freezing. 

Conduction to the Cold Earth. As pnwiously stadxsl, mm-' 
diu-tion is the trainsfer of head, between two subslaim-iss that aire 
in 1 ‘otdaiet. As the eairth’s surfaicc cools during Ihi' nigld, eon« 
<lu<d.iuu of heat from adr to earth causes a lowering of air tempi'r- 
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ature. Often on a calm, clear winter or summer night, the layers 
of air close to the earth actually become colder than those a-t 
some distance above the earth’s surface. 

Impoitation by Air Masses or Winds. Just as warm air 
masses carry warmth northward (south wind in the Northerly 
Hemisphere), so likewise do cold air masses convey low temper¬ 
atures from one place to another. Especially iu North America 
and Eurasia, cold polar air masses from the far north may mov'*-^ 
southward for considerable distances. Such movement (norti» 
wind) and resulting importation of low temperatures are par¬ 
ticularly effective where there are no mountain barriers to blocfc 
the passage of air. In eastern North America where lowlands 
prevail, great masses of cold polar air periodically pour down, 
over the Mississippi Valley, occasionally carrying severe frosts 
even to the Gulf states. 

Cooling by E^ansion. Just as descending air heats as a 
result of compression, so rising air cools as a result of expansion- 
A cubic foot of air at low altitudes is subject to greater atmos¬ 
pheric pressure than at high altitudes. As this cubic foot of air 
rises, it expands because the weight of the atmosphere upon if; 
becomes less. Work is done in pushing aside other air in order 
to m^e room for itself. This work done by the rising and expand¬ 
ing air consumes energy, which is subtracted from the ascending 
currents in the form of heat, resulting in a lowering of their 
temperature. On the average, rising air cools about 5°F for 
each 1,000 feet. 

Daily and Seasonal March of Temperature 

All average temperatures for a month, season, year, or even, 
a long period of years are built upon the mean (average) daily 
temperatme as the basic unit. The dahy mean is thus the indi¬ 
vidual brick out of which the general temperature structure is 
composed. The U.S. Weather Bureau at present uses the follow¬ 
ing ormula to determine the mean daily temperature: ' 

Maximum -j- minimum 

In other words, the daily mean is the average of the highest and 
the lowest temperatures recorded during the 24-hour period. 
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Daily Temperatures* The daily march of temperature 
refers to the hourly changes in the thermometer readings during 
the day (24 hours). From about sunrise until 2 to 4 p.m., when 
energy is being supplied, by incoming solar radiation faster than 
it is being lost by earth radiation, the temperature curve usually 
continues to rise. Conversely, from about 3 p.m. to sunrise, when 
loss by earth radiation exceeds receipts of solar energy, the daily 
temperature curve usually falls. It is noticeable, however, that 
the time of highest temperatures (2 to 4 p.m.) does not exactly 
coincide with that of maximum insolation (12 m. sim time). 



Fkj. -“Terri|)(Tatu sometimes varies many degrees in a single day. In the chart 
above, *4 shows tlui temperature range for a fair day in summer; P, for a summer day 
in t,h(* mounl ains. Contrast these with C, a cloudy day in spring or fall, and D, a winter 
<hiy on which the wind changed from south to northwest. 

'Phis is because incoming solar radiation continues to exceed 
outgoing t'arlh radiation until midafternoon. The lowest temper- 
jit,nre,s of the night usually occur about 4 to 6 a.m. because the 
earl tj continues to radiate more heat than it receives until near 
sunup. 

I'iie (hilU/ range of temperature is the diflference between the 
highesl :iud lowest temperatures of the day. In clear weather, 
llirouglioiit most of central and eastern United States, tins 
rang(' is about 10“ or 15°. In mountains it is much greater, because 
the less cliuisc al.mosphcre at high elevations permits more rapid 
radiation of heat, from the earth at night, and consequently 
low<‘r tmiqx'ra lures result. Daily range is usually greater in 
deserts Hum in luimi<l lands, because the low percentage of water 
vapor in l.lic^ air over deserts and the general absence of a cloud 
coviT jx-rmit rai)id radiation of heat from the earth at night. 
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Diiring a spell of cloudy weather the daily range may be 
little as 5° or less. A cloud cover regulates air temperatiirt*. 
because clouds serve to obstruct incoming and outgoing railisi" 
tion. However, in clear or cloudy weather, the daily marclii 
temperature may be entirely upset by a shift in wind direct.itu*. - 
Thus a strong northwest wind may cause a st.<'a<ly drop ii* 
temperature during the day so that midafteruoon may be col*b -r 
than early morning (Fig. 33). 



The Seasonal March of Temperature. Using tli(‘ mean <laily 
temperatures, the average or mean temperature of a month mav 
be calculated. This in turn may be used to compute the mean 
annual temperature._Mean monthly temperatures make it pos.Hi- 

diff Jrer?of seasonal changes in temperature ii* 
^fferent par s of the world. It is well to remendier, however, 

““y temptrature may eovi^r 
considerable range. For example, although the mean Jamiarv 
temperature at Kansas City, Mo., is 38°, the ten.p<.rature na y 

ward ‘ ^ however, do not occur on wiiui- 

themid(Fe]at> blows from sea to land). In 

Se Tart t “S Hemisphere, July is usually 

, and January the coldest. Conditions are 





T !«: M F I?: It A T IS B B OF TUB A T M O H F I! KR K 

j-c*versed in similar latitudes of the Southern Ihuuisphere (Fi^^ 


V('rl i('al Distribution of Tempera turn 

Temperature Decreases with Altitude. By meums of air- 
j->limes and balloons, men have soared to considerable luu'^hls in 
ir.lie atmosphere. They have r<K;orded temperature readings dur¬ 
ing suc‘h flights. Self-recording instruments, carried aloft by 
f^nialler balloons, have reached greater heights. All such observa- 
i.ions and recordings show that under normal conditions there is 
SI. chxTcase in temperature as altitude increases. The amount of 
<l<‘crease, of course, varies somewhat from place to place and at 
different limes of the year. On the average, however, the decrease 
i n t(‘mp(>ratur(‘ as altitude increases, call(‘d the lapse rate, xs about 
per 1,000 feet. The fact that air temj)erature decrexises as 
di.stanee from the earth increiises 
t‘iiiphasi/,«‘.s the fact that the 
fjttmosphere n^'eives most of its 
liexit direef ly from the earth and 
only indireelly from the sun. 

Stratosphere and Tropo¬ 
sphere. The average lapse rate 
of d"F. p(‘r 1,000 feet continues 
until an eh'valiou of about 7 
txjtles (about 07,000 feet) is 
ri.*a<-hed. From this eh'vationup¬ 
ward for several miles there is 
liftl(* eluuige in bunperaturc, 
ntul to this r<‘giou the muno.vfra- 
/(wp/oTc has bt'cn ai>plied. In it 
I t‘inperatur<‘S have been found to be in tin* neigbborluMxl of 
— 00" to ™70''’F., idthough above ibe enuatur — 1 lO' F. has betui 
r«‘<-orde«l. d’hus it is possible to think of the <‘ariir.s afmuspli<'re 
SIS composed of two sIh'IIs or layers. Tn tlu‘ oubT layer, or slrato- 
jsX>her(‘, t<‘iup<‘ratnreH sire very low, clouds mv absxuit, dust and 
water vapor are at a minimum,eonvexOiomd currents are lucking, 
iind all air movement is horizonbd. B«'low the strutos|>hi‘ri* is tin* 
I xirbuleiit, dusty la.v<‘r known as the tropiispltm'. wliicli coutaiii.s 
much water vapor ami also clouds, and in which temperaturi* de- 
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creases with increasing altitude (Fig. 24). For reasons aln'udy 
mentioned, the stratosphere or substratosphere offers <‘(Ttuin 
advantages for long-distance airplane flights. 

Air Drainage. Cold air is heavier than warm air. As a result. 


cold air next to the earth’s surface, because of its greater Nveight, 
tends to flow downhill and to collect in valleys and lowlaiuls. 
This is called air drainage (Fig. 25). It is a well-lcnown fact that 
the first frosts of autumn and the last in spring occur in 1 )o! i( uu 



Pig. 25.—Cold air tends to settle 
at the bottom of a Vallejo or depression. 
This diagram shows why frost may 
occur in the valley bottom but not on 
the hillside. 


lands and that the lowc'st t<uu- 
peratures on calm, clc'iir winter 
nights are found in similar IcK'a- 
tions. Citrus orchards iii (’ali- 
fornia, which might be daiuag<‘<l 
by frost, are located on hill sloin^.*! 
where air drainage caus(^s a slip¬ 
ping off of the frosty air. C'otfee 
in Brazil is prevailingly pliiuteti 
on the rolling upland.s, and the 


frosty valleys are avoidcnl. 11 <>Hort 
hotels in the Swiss Alps shun the cold, foggy valleys and choose 
mstead sites on the brighter and warmer slopes. 

On clear, cold nights when air drainage is prevalent, the at¬ 
mosphere is very stable. The heaviest air is at the lowest eleva¬ 
tion where, on the basis of density, it should be. Then; is no 
mclmahion for it to rise. This is quite opposite to the uii.sliibks 
condition of the atmosphere on a hot summer day, wlum tht» 
heated and expanded air near the earth’s surface is like n cork 
held under water. 


Conditions Favorable for Frost. The term frost may he ap- 
phed either (1) to the white deposits of condensed watin- vapor 
m sohd form or (2) to a temperature of 32°F. or btdow, <‘ven 
though there is no deposit of white frost. There arc fro.sLs of 
various de^ees of severity, but it is the “killing frost” that in 
of prmcipal mterest. A Hling frost may be defined as a temp<^ra- 

dam n ^ economic crops of a locality 

damaged. Throughout much of North America, frosts an; of 
chief sign^cance in autumn and spring. The growintf season i.s I he 
number of frost-free days between the last killing frost in snriit 
and the first in autumn (Fig. 26). The length of the growing 
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season has a considerable influence upon the types of economic 
crops that may he produced in any given region. 

Ideal conditions for the occurrence of frost are those which 
are favorable to rapid and prolonged surface cooling, viz., (1) a 
preliminary importation of a mass of chilly polar air, (£) fol¬ 
lowed by clear, dry, calm nights, during which the temperature 
of the surface air, because of radiaticm and conduction, may be 
reduced below freezing. The original importation provides the 
necessary mass of cool air whose temperature is already rela- 



Fia, The average “frostless/’ or “growing/” season throughout the United 
St:at<\s is shown on this nuip. Figures indicate number of frost-free days. {After ma'p by 
(C/.iS', Weather Ihiremif) ■ 


lively low, although still somewhat above freezing, but further 
rapid loss of heat by earth radiation during the following clear 
night is all that is necessary to reduce the temperature of the 
surface air below freezing. In central and eastern United States 
the dry, cold air mass usually arrives with northwest winds. If 
the daytime temperature of the cold air mass is in the neighbor¬ 
hood of 40°, frost may be expected the following night, especially 
if the shy is clear and the air calm. 

Frost Protection. The problem of artificial protection from 
frost is of considerable importance, especially in the valuable 
citrus groves of California and Florida. In these regions, orchard 
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_ For small-scale vegetable gardeners or fruit growers tl: 
simplest and most effective means of frost protection is to sprea 
^ nonmetallic covering such as paper, straw, c 

frl tb ^ ""TT is radiate 

fmm tbe ground and plants at nigbt. Tbe purpose of tbe covei 

obviouslj, IS not to keep tbe cold out but to keep tbe beat ii 
_ bis inexpensive type of frost protection is tbe one resorted to b 
tbe housewife in saving ber garden plants from freezing. 

Temperature Distribution over the Earth 

Isothermal Maps. An isotherm is a line connecting place 
of the sao,e ten.per.ture. Thus all points of the earth^s^S^ 




beaters are used in an attempt to prevent a bad freeze (Fig, 27). 
Large numbers of sucb beaters are spaced among tbe fruit trees 
and are kept burning for several hours during the time when 
freezing temperatures are expected. Sometimes tbe smoke from 
numerous beaters drifts into a near-by city where it may prove 
a considerable nuisance. 
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through which any one isotherm passes have identical average 
temperatures (Figs. 28,29). On the maps here shown, aU temper¬ 
atures have been reduced to sea level so that the effects of alti¬ 
tude are eliminated. If this were not done, the complications 
and details caused by mountains and other lesser relief forms 
would make the maps so confusing that the general world-wide 
effects of latitude and land-and-water distribution would be 
difficult to perceive. It will be noted that the isotherms in 
general trend east and west, roughly following the parallels. 
This east-west trend indicates that latitude is the greatest single 
cause of temperature differences over the earth’s surface. 

General Features of Temperature Distribution. A study of 
the isothermal maps of the world reveals the following general 
features: 

1. The highest average annual temperatures are in the low 
latitudes, where the largest amounts of insolation are received. 
The average lowest temperatures are in the vicinity of the poles, 
the regions of least annual insolation. 

2. Isotherms tend to be straighten and are also more widely 
spaced in the Sojffhem Hemisphere, where the surface is largely 
composed of water. 

3. The greatest departures from east-west courses are in 
localities where isotherms pass from continents to oceans or 
vice versa. That is caused by the contrasting heating and cooling 
properties of land and water smfaces and the effects of ocean 
currents. The distribution of land and water bodies ranks next 
to latitude in the control of temperature distribution. Cold ocean 
currents off the coasts of Peru and northern Chile, southern 
California, and southwestern Africa make themselves conspicu¬ 
ous through the equatorward bending of the isotherms. Simi¬ 
larly, warm currents in higher latitudes cause isotherms to bend • 
poleward. This condition is most marked off the coast of north¬ 
western Europe owing to the effects of the Gulf Stream. 

January and July Temperatures. For the earth in general, 
January and July represent the seasonal extremes of tempera¬ 
ture. The following are some of the more significant features of 
temperature distribution as shown on the seasonal maps: (1) 
The isotherms and temperature belts move north and south, 
following the north-south migration of the sun’s more vertical 
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rays. (2) Tte north-south shifting is greati'r over (*on(tn«‘tit.'» 
than over oceans, because of greater extreme.^ of {(Miifx-nil iir*' 
over landmasses. (3) The highest teinperutun's on both I1 h‘ 
January and the July maps are over land area.s. lowest 
temperatures in January are over Asia and North AnuTiea. the 
largest of the landmasses in middle latitudes. (4) la January in 
the Northern Hemisphere isotherms bend towarti fh«‘ ecpialor 
over the colder .continents and toward the poltvs ov<'r warttier 
oceans. In July the opposite conditions prevail. (.'>). 
ture differences between land and water are l(\ss pronoiiiu'i'ii in 
the Southern Hemisphere because of the absence of gr.>at iaml- 
masses. (6) The so-called coU foie of the earth i.s in Sila*ria. 
where temperatures of 90° below zero have betm rtT(»rd<'<l. 

The annual range of temperature is defined as the difference 
between the average temperatures of the warrae.st and coble.st 
months. The approximate annual range at any given plact‘ can 
be learned from study of the isothermal maps. Notice, for ex¬ 
ample, Duluth, Minn. On the July map the nearest i.sotlu^na i.s 

IV Z of about 

70 . ihe greatest annual ranges are over the Northern Hemi¬ 
sphere eontments, which alternately become hot in .summer ami 
cold m winter. Low annual range is observcil (1) near tlu^ enna- 
tor, where insolation varies little, and (2) over large bodie.s of 
temperature much more slowly than land 
areas. The predominance of water in the Southern Hemi.sphere 

thM? "f, ranges of temperatnri^ (him in 

the Northern Hemisphere. Thus the change of siu.son.s at anv 

S^^mapT^’ regards temperature, is clearly shown by lhe.se 

f.r.T Temperature. €orre<d air 

temperature can be obtained only by an accurate thermonnder 

p operly exposed. One of the principal items of corrcid. (‘xpo.sure 
IS to see that the mstrument is not in the sun- otherwfKi :i 
ceives energy not only from the surrounding air hiil fr !] ^ 

^ Sensible temperature refers to the sensation f>f i V ’ • 

which the human f i sensation ot tiunpiTulure 
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eter. The human body is a heat engine, generating energy at a 
^ t bitively fixed rate when at rest. Anything, therefore, that 
a ilccts the rate of loss of heat from the body affects physical 
comfort. Air temperature, of course, is an important element, 
but so also are wind, humidity, and sunlight. Thus a humid, hot 
day is more uncomfortable than one of dry heat with the same 
t<miporature, since the loss of heat by evaporation is retarded 
more when the air is humid. A windy, cold day feels uncomfort¬ 
able because the loss of heat is speeded up by greater evapora¬ 
tion. A sunny day in winter feels less cold than it actually may 
be, because of the body’s absorption of direct insolation. Cold 
air containing moisture particles feels colder than dry cold air. 
This is because cold-water particles collect on the skin. By con- 
rluction, heat is transfei’red from the skin to the tiny water drop¬ 
lets. Ilivaporation of the water particles also contributes to a 
lowering of temperature. Because of its sensitiveness to factors 
other tlian air temperature, the human body is not a very accu¬ 
rate thermometer. 


Summary 

The atmosphere is warmed mainly by the earth, which 
absorbs sun energy. K the earth’s surface is warm, the air above 
it is likely to be warm. A land surface heats and cools more 
rapidly than water. Convection currents carry warm air up and 
c'ool air down. Rising air cools about 5°F. per 1,000 feet. Roughly, 
!h<‘ atmosphere may be divided into two layers called the 
I rt»j><)splieni and the stratosphere. A thermometer carried upward 
through llui troi)osphere will show a drop of about 3° per 1,000 
fend., d'lii.s is calk'd the lapse rate. Note that rising dry air, 
lK‘caus<5 of ('xpausiou, cools faster than the normal drop in tem- 
fx'ralun^ with elevation. In the stratosphere temperature is 
faii-ly (lonstant. Hc'asonal changes in temperature are much 
groaU'r in iniddlc and high latitudes than in the vicinity of the 
e<{uator. 

('old air is lu'avier than warm air. As air changes tempera- 
tun*. it also ('hunges weight or pressure. Pifferences in atmos- 
pheritr pressun' over th<^ earth’s surface cause the air to move. 
Our next (diapter, therefore, deals with the subject, of atmos¬ 
pheric pressure and winds. . . i 
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Questions 

I . What are several elements of environment? Why is climate » 
most important one? 

а. Name the principal constituents of the atmospliere. 

8. Why is water vapor in the air so important? 

4. How does water vapor influence air temperature? 

5. What are a few effects of dust in the air? 

б. What is smog? Where is it most likely to occur? 

7. What are the weather elements? Which two are most importaiit ? 

8. What is meant by weather? Climate? 

9. What are the climatic controls? 

10. What is the most important source of heat for the earth 
atmosphere? 

II. What is meant by insolation? Sun altitude? 

12. What two factors determine the effectiveness of insolation? 

13. Why are oblique sun’s rays less effective than direct rays? 

14. Winter occurs in the United States when the earth is nearest; 
the sun. Why? 

15. In general, what is the relation of sun altitude and length of 
day to temperature? 

16. Approximately, what is the length of the longest day (duratioi* 
of sunlight) at Singapore? Winnipeg? Point Barrow, Alaska? Tli« 
North Pole ? 

17. Why does the atmosphere receive most of its heat indirectly 
from the sun? 

18. How do land and water surfaces differ with regard to absorption 
of solar energy? 

19. The sun’s rays penetrate water. How does this influence thm 
rate of heating of a water body? 

20. What is the effect of reflection and evaporation on heating m 
body of water? 

21. When water is heated, convection currents are set up. Why 
does this process retard the heating of a water body? 

22. Why do water bodies act as regulators of air temperature? 

28. Since land heats and cools faster than water, where should yoti 
expect extreme climates? Moderate climates? 

24. On a clear, cold day, with snow on the ground, tlie temperature^ 
often remains low in spite of a bright sun. Why? 

25. How is the atmosphere warmed by conduction? 

26. What percentage of earth radiation is absorbed by the air ? 
Mainly by what constituents of the air? 
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^7. What is meant by the greenhouse effect of the atmosphere? 

28. What is meant by convection? How does convection distribute 
temperature in the atmosphere? 

29. What causes the bumpy air encountered by airplanes? Why 
is air more bumpy over land than over sea? 

30. How does wind direction affect temperature ? 

31. Why does air become warmer when descending a mountain 
slope? 

32. Why does the atmosphere usually cool at night? 

33. What conditions promote rapid cooling of the atmosphere at 
night? 

34. When is frost more likely to occur, on a clear or a cloudy night? 
Why? 

35. What extreme day and night temperatures are sometimes 
experienced in the Sahara Desert? Why? 

36. How is the atmosphere cooled by conduction? By winds? 

37. Why does warm air cool as it rises? What is the rate of 

cooling? ^ 

38. How is mean dally temperature calculated? What is meant by 
daily range of temperature? 

39. How is the daily range affected by mountains? Deserts? A 
cloud cover? 

40. What is meant by the seasonal march of temperature? 

41. What is meant by the lapse rate? What does it average? 

42. What is the altitude of the stratosphere? What are its 

characteristics ? ^ 

43. How does the troposphere differ from the stratosphere? 

44. What is meant by air drainage? 

45. What is one important result of air drainage? 

46. Give an example of stable and unstable air. 

47. What are the two meanings of the teim frost? 

48. What are the ideal conditions for frost formation? 

49. What is one method of frost protection? 

50. What is an isotherm? 

51. Why are temperatures reduced to sea level on some world 
isothermal charts? 

52. What are three general features of world-temperature 
distribution? 

53. What are some significant features of temperature distribu¬ 
tion shown by the isothermal charts for January and July? 

54. What is meant by annual range of temperature? In what 
regions is the annual range greatest? Lowest? 



Chapter III. Atmospheric Pressure 
and Winds 


Compared witli temperature and precipitation, atmosplieric 
pressure and winds are relatively insignificant as elements of 
weatlier and climate. To be sure, winds of high velocity may be 
dangerous to man’s crops and structures. There are, as well, 
certain physiological reactions to strong air movement. But the 
sum total of these direct effects of wind is not of first importance. 
Still less is human life directly affected by the slight changes in 
air pressure that occur at the earth’s surface. Although im¬ 
perceptible to our bodies, these pressure differences are the 
reason for the existence of winds. Therefore, although not 
directly of first importance as climatic elements, both pressure 
and winds are indirectly of outstanding significance in the effects 
that they have upon temperature and precipitation, the two 
genuinely important elements of weather and climate. 

The sequence of events might be as follows: A minor change 
in pressure (of little consequence directly) acts to change the 
velocity and direction of wind (also not of major importance 
directly). This in turn brings about changes in temperature 
and precipitation, which together largely determine the charac¬ 
ter of weather and climate. "Whether it is a south wind or a north 
wind is important because of the different temperature condi¬ 
tions induced by each. An onshore wind as compared with an 
offshore one is climatically significant because of differences in 
moistme and temperature. It is chiefly as controls of temperature 
and precipitation, then, rather than as elements of weather and 
climate that pressm-e and winds are worthy of attention. The 
most important single function of wind is the transportation of 
water vapor from the oceans to the lands, where that water 
vapor condenses and falls as ram. 
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Relation of Air Pressure to Temperature. A column of air 
1 square inch in cross-sectional area extending from sea level 
to the top of the atmosphere weighs approximately 14.7 pounds. 
This weight is balanced by a column of mercury nearly 30 inches 
tall and having the same cross-sectional area. Thus it is custom¬ 
ary to measure air pressure in terms of its equivalent weight as 
expressed in inches of a column of mercury—in other words, by 
a mercurial barometer. But the weight of a given volume of air 
varies with temperature. Thus when air is heated it expands 
and occupies more space, so that a column of warm light air 
weighs less than a column of cold heavy air, both having the 
same height and cross-sectional area. In central Asia in January, 
when temperatures are very low, the air pressure is nearly 1 
inch of mercury greater than it is in summer. 

It may be accepted as a general rule, therefore, that regions 
with high temperatures are likely to have lower air pressures 
than other regions where temperatures are not so high. In other 
words, high temperatu re tends to produce low pressure, and low 
temperature is conduc ive to high pressure. There are, however, 
some notable exceptions to the rule. 

Distribution of Atmospheric Pressure 

Vertical Distribution. Since air is very compressible, there 
is a rapid decrease in air weight or pressure with increasing 
altitude. The lower layers of the atmosphere are the densest 
because the weight of all the layers above rests upon them. In 
these lower layers of air, a mercury barometer drops about 1 
inch for each 1,000 feet increase in elevation. With higher alti¬ 
tudes the ah rapidly becomes much thinner and lighter; so that 
at an elevation of 17,500 feet, one-half the atmosphere by 
weight is below the observer, although the whole air mass ex¬ 
tends to a height of several hundred miles. The human body is 
not physiologically adjusted to the low pressures and associated 
small oxygen content of the air at high altitudes. Nausea, faint¬ 
ness, and nosebleed often result from a too rapid ascent. Oxygen 
tanks are a part of the normal equipment of aircraft operating 
at high altitudes. 

Horizontal Distribution. Just as temperature distribution 
is represented by isotherms, so atmospheric pressure distribution 
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is represented by isobars, i.e., lines connecting places having 
the same pressure. On the isobaric charts here showi (Figs. 30, 
31), effects o£ elevation have been eliminated. All pressure 
readings have been reduced to sea level. This is necessary 
because pressure in high mountains and plateaus is always much 
less than at sea level. If these differences caused by elevatioil 
were not eliminated, it would be very difficult, if not impossible, 
to make world-wide comparisons of atmospheric pressure. 
cti'Tm'lar reduction to sea-level pressure is done also when drawing, 
isobars on a daily weather map. 



Fig. 32,4.—A very diagrammatic representation of pressure and wind belts of tbe earth. 

Figures S^A and S25 are diagrammatic sketches of pressure 
belts as they might exist on a globe composed of either all land 
or all water. This arrangement of pressure belts may be observed 
to some extent on the seasonal isobaric charts for January and 
July in the Southern Hemisphere where such a high percentage 
of the earth's surface is covered with water. In the Northern 
Hemisphere, great landmasses tend to disrupt the pressure belts. 

The most noticeable featimes of average world-pressure con¬ 
ditions are as follows: (1) There is an equatorial belt of low 
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P^^ssure (below SO inclies) whicb coincides rather closely with 
t-lx^ belt of highest temperature. Within the belt the lowest 
pi'essures are over land, where the highest temperatures occur. 

The subtropical highs (horse latitudes), a series of high- 
pi^esssure centers, are located about 30° to 40°N. and S. Lat. 
The subpolar troughs of low pressure are situated about 
to 70°]Sr. and S. Lat. This trough is much more continuous 
the Southern than in the Northern Hemisphere. In the 
oarthern Hemisphere it is represented by two distinct centers, 
tlio Iceland low in the North Atlantic and the Aleutian low in 
tlie; North Pacific. (4) The polar highs in the vicinity of the North 
aiid South poles. It should be emphasized that equatorial low 
pressure is a result of high temperatures and that polar high 
pressure is a result of low temperatures. 



—A very diagrammatic representation of pressure and wind belts of the earth. 
Compare with Tig. 82^1. 


Profile of Average Pressure Distribution along a North- 
soxith Meridian. The general pressure conditions that have- 
juxst been described are shown in a diagrammatic way in Fig. 

J5. A line of “hills and valleys” drawn from pole to pole shows 
■tlxo points of high and low pressure. Above this line, by means 
of arrows which slope downhill, are shown the-prevailing winds 
of the world. The curved line, or pressure profile, rises from the 
Ixslt of low pressure near the equator to the subtropical highs at 
fi.Tt>out 30° or 35°N. and S. Lat. Then it slopes downward to the 
sxiBpolar lows in latitudes 60° to 70°, after which it rises again 
ixi the vicinity of the poles. 

Isobars for January and July. Comparing the January and 
JTjily maps, the following features may be noted: (1) The pressure 
bolts, like those of temperature, move north with the sun’s rays 
in July and south in January. They lag behind and do not 
migrate so far as do the insolation belts. Migration is greater 
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over continents than over oceans. (2) In winter the subtropical 
Tii glis are strengthened by cold landmasses and are therefore 
more continuous; in summer they are weakened by the warm 
land areas. (3) Over landmasses, especially in Asia and North 
America, centers of low pressure develop in summer, and high 
pressure in winter. Pressure over adjacent ocefins is just the 
reverse, huge low-pressure centers existing Uiver the North 
Atlantic and North Pacific in winter. 

Relation of Winds to Pressure 

The Pressure Gradient. Air that moves essentially parallel 
to the earth’s surface is referred to as vdnd. Vertical air move¬ 
ments are more properly designated as currents, although the 
name is often applied to horizontal movements as well. Wind 
is usually the result of horizontal differences in air pressure. 

The pressure gradient, or barometric slope, refers to the rate 
and direction of the change in pressure. If pressure is low in 
Minnesota and high in Missouri, then the barometric slope is 
from south to north, and the wind will blow from south to north. 
If the difference in pressure between the two states is very great, 
then a steep barometric slope exists, and winds of high velocity 
win result. 

Two fundamental rules concerned with the relationships 
existing between pressure and winds are: (1) The direction of 
air flow is from regions of higher pressiire to regions of lower 
pressure, i.e., down the barometric slope. This follows the law 
of gravitation and is just as natural as the well-known fact that 
water runs downhill. (2) The rate of ah flow, or velocity of the 
wind, depends upon the steepness of the pressure gradient or 
the rate of pressure change. When the gradient is steep, air flow 
is rapid; and when it is weak, the wind is likewise weak. Just as 
the velocity of a river is determined largely by the slope of the 
land, or rate of change in elevation, so the velocity of wind is 
determined largely by the barometric slope, or the rate of change 
in air pressme. 

One therefore can determine the steepness of the pressure 
gradient, and consequently the relative velocity of air move¬ 
ment, by noting the spacing or closeness of the isobars. Closely 
spaced isobars, like those m the viciaity of the subpolar trough 








Fig. SS.~~Navy personBel installing new aerological station on East Field Tower 
at Norfolk, Va. Anemometer cups appear to the right of the wind vane. {Official photo- 

grapK U,S, Navy,) 

It should be borne in mind that winds are always named by 
the direction from which they come. Thus a wind from the south, 
blowing toward the north, is called a south wind. The wind vane 
points toward the direction from which the wind is coming 
(Fig. 33). It therefore points in a general way toward the high- 
pressure area down whose barometric slope the air is flowing. 
U'indvmrd refers to the direction from which a wind comes; 
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in the Southern Hemisphere, indicate relatively steep gradients, 
or marked pressure differences. Under these condiljons mnds of 
high velocity prevail. When isobars are far apart, gradients are 
weak, and winds are likewise. Calms prevail when pressure 
differences over extensive areas are very small. At such times 
there is nearly an absence of isobaric lines on the pressure map. 






56 


ELEMENTAET METEOROLOGY 


leeward, that toward which the wind blows. Thus a windward 
coastds one^along which the air is moving onshore, and a leeward 
coast has winds offshore. When a wind blows more frequently 
from one direction than from any other, it is called a 'prevailing 
wind (Fig. 34). On the daily weather map, wind arrows fly with 
thejmd_.y^ 



sx<fe facing the wd. {Photograph by Frank Banister.) 


Wind Direction and Velocity 

r ^portance of Wind Direction. Wind directions as recorded 
by the weather bureau are usuaUy limited to sixteen points of 
^ compass at 222° intervals beginning with north (Fig. 35). 
Ab^ty to foretefl W direction a day ahead is a prime requisite 
of a good weather forecaster. ^ 
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Suppose that a tropical air mass, moving as a south wind, is 
causing unusually warm weather in Des Moines, Iowa. The 
forecaster, by studying the weather map, foresees that on the 
following day a polar air mass, advancing from the northwest, 
will reach the city. Under such conditions he is certain to 
forecast colder weather. At another time, opposite conditions 
may exist. 

Throughout the Central states, the prevailing wind direction 
in summer is south, owing to the prevalence of low pressure near 
the center of the North American continent; and in the winter 
northwest, owing to high pressure in 
the same locality. During January 
and February, 1936, a number of high- 
pressure areas with temperatures 40“ 

to 50° below zero moved slowly over 'wzio- -► •*— - 90 E 

western Canada, Montana, and North 
Dakota, resulting in strong northwest 
winds over the Central states and the 
coldest winter in the history of many 
localities. Conversely, hot, dry air Pio. 
masses from the southwest often cause 
severe droughts in July and August, resulting in great damage to 
growing crops and causing much suffering among people and live¬ 
stock. Wind direction foretells weather. Generally speaking, over 
much of central and eastern United States, easterly winds indi¬ 
cate the approach of foul weather; and westerly winds, fair 
weather. 

Wind direction at high altitudes is ascertained by releasing 
rubber balloons filled with hydrogen and observing them 
through a small telescopic instrument (Fig. 36). Such balloon 
soundings also indicate velocity of winds aloft. { 

In the Central and Eastern states the upper winds are mainly 
from the southwest, west, and northwest and are usually much 
stronger, especially in winter, than surface winds (Figs. 37, 38). 
These upper winds partially account for the fast airplane flights 
from Los Angeles to New York. 

Layers of air at different elevations often move in different 
•directions. Thus an airplane pilot may find a strong head wind 
at 2,000 feet, whereas at 6,000 feet he might have a tail wind. 


180°- 
S 

35.—The eight principal 
wind directions. 






Two-way radio communication between airplam^ and a»rp**^t 
often makes it possible for meteorologists to advise pilot s in 
flight of the correct altitude at which to fly in order to tako ml- 
vantage of favorable wind direction. Obviously this 
renders considerable savings in fuel consumption and in f 


Fig. 36.—tv 
phones data to 

the wind dirertbn 

Airplanes take off and land 
causes the take-off to be more rapid,. 

(Fig.^s?^’ lowering the landin 

Wind velocity is 
ment called an anett 
are steadier over wa 
teristic of landmasi 
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Central states averages about 10 to 15 miles per bour but may 
range from zero to 60 or more. 



PlQ. S7.—Prevailing directions of upper winds in summer. {U.S. Weather Bureau.) 



Fro. 38. Prevailing directions of upper winds in winter. {U.8. Weather Bureau.) 

Wind velocity is of tremendous importance in aviation. If 
an airplane has an air speed of 100 miles per hour and is going 
against a 100-mile wind, its speed over the earth’s surface will 
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be zero, and from the ground it will appear stationary. If the 
wind increases to 110 miles per hour, the airplane will niovti 
backward at a speed of 10 miles per hour. If the pilot turns and 
goes with the wind, his speed over the earth will be 210 inil<\s per 
hour. In many cases, however, the airplane encounters neidun- 
a direct head wind nor a tail wind. Instead, a side wind may Ix' 
strong enough to carry the ship off its course. In such-cases tlir 
pilot must head the nose of the ship into the wind in order to 
follow a given track over the earth’s surface (Fig. 40). Takinif 
advantage of strong upper winds, pUots have flown from Cali¬ 
fornia to New York at an average speed of over 250 miles per 
hour. Wind velocity is usually greater in high mountains than 



Fig. 89,—Airplanes land and take off 
against the wind. Why? 





^ Fxa. 40 , — ^In order to fly in the <!iree*- 
tion represented by the lino tlm 
ship must head toward 0 to count eraefc 
wind drift. This is called info ih& 

mnd. 


W ^ ® continental divide are well known 

^ highest wind velocities ever re- 

The Earth’s Wind Systems 

Planetary System oe Winds 

from Wh^^ir^f' W seen that, just as water flow.n 
trom Mgli to low elevations, so air flows from high to low tin^s 

sine. Observe again Figs. 30, 31, and 33. From btth subtrot)ic-d 
g -pressine bdts the air flows toward the equator. These n're 
e trade mnds. On the poleward side of the subtropical hi<is t bo 

uiow toward the subpolar lows. Between the 
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trades, where pressTirc gradients are weak, is the equatorial belt 
of vari;d)Ie winds and calms called the doldrums. Between the 
trade's and westerlies, at the tops of the subtropical highs, 
whc're prc'ssnre^ gradients are likewise weak, are the sub- 
i ropiea! belts of variable winds and 
callus, someliines called the horse 
Idlil lilies. 

' Effects of Earth. Rotation on 
Winds. 'Tlu' rotation of the earth 
on its axis causes the wiixds in the 
Nurtlu'rn Ileniispherc to bcdcflect- 
<‘d toward the right and in the 
Southern ITemisphcre toward the 
left. Thus the t.rad('s become north- 
«-asl. winds lunik of the equator, 
and soutlu'ast winds south of the 
ecluator. The westerlies become 
mainly southwest winds in the 
Nortlu'rn Hemisphere, and north¬ 
west winds in tlu’: Boxithern Hemi- 
spluTc (Fig. dl). 

Tiiio SnuFACB Winds and Their Characteristics 

Wind Belts and Centers of Action. It should be remembered 
that the system of world winds thus described holds true over 
oceans bett<'r than over huuhnasscs. Heating and cooling of land 
ami irn'gularit i('s of the land surface tend to break up the 
geiu'raliz4‘(l system of world wind belts. Isobaric charts of the 
world show ci'rtain centers of action, great semipermanent areas 
of high ami low pn'sHare over the oceans and continents with 
spiraling wind systems around them. Especially on the January 
<'hart till' huge low'-pressure area over the North Pacific Ocean 
(the .Ueulian low) and another over the North Atlantic (the 
b'cland low) an' I'h'urly shown. On the same chart large areas 
of higli pri'.ssure appi'ur ov<!r North America and Asia. The 
*’ high” over Asia, in January is intensified by the extreme cold of 
Silierla. In I lie Sout hern Henii.spheri', on both the January and 
the .Inly charts, eeiilers of high i)res.sure apiiear over the Indian, 
Honth At Inn lie, ami South Facilic oceans, and an unbroken belt 



Fig. 41. —^The solid arrows show 
the deflection of winds due to the 
earth’s rotation. The rule is as fol¬ 
lows: With one’s back to the wind, 
deflection in the Northern Hemi¬ 
sphere is toward the right; in the 
Southern Hemisphere, toward the 
left. 
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of low pressure extends around the world in the vicinity of the 
70th parallel. 

The centers of action are literally great wheels of atmospherie 
circulation, for it is they that generate the winds. Winds, in turn, 
largely determine the extent to which water vapor is carriecl 
from sea to land. Winds also influence the direction of ocean 
currents. It is evident that shifts in the position and intensity 
of these centers of action might have very marked effects upon 
the seasonal weather of any part of the earth. The study of these 
centers has been the basis of some attempts at long-distance 
weather forecasting. 

Doldrums, or Equatorial Belt of Variable Winds and Calms. 
As the northeast and southeast trades converge toward the 
equator, they rise above the earth’s surface, leaving between 
them at low elevations a condition of light and baffling breeze 
with much calm (Pig. 42). This doldrum belt therefore occupies 
the axis, or valley, of lowest pressure in the equatorial low-pres¬ 
sure trough where pressure gradients are weak and variable, 
resulting in winds of the same character. It needs to be em¬ 
phasized that the nature of the wmds is the result of the charac¬ 
ter of the barometric gradients. The condition of calms and 
variable wmds is not clearly marked all round the equator, 
nor does it exist at all times of the year. In places and upoir 
occasions it may be reduced to the vanishing point by the 
encroaching trades or by monsoons.^ 

The principal air movement in the doldrums is vertical 
rather than horizontal, ascending currents being indicated by 
the abundance of cumulus clouds,^ numerous thunderstorms, 
and heavy convectional rainfall. Because this is a region of con¬ 
verging air ciments that escape by upward movement, the 
doldrums are inclined to be turbulent and stormy, with calms, 
squalls, and light winds alternating. Within the doldrums, calms 
prevail 15 to 30 per cent of the time, and winds, chiefly light and 
gent e breezes, come from all points of the compass with about 
equal frequency (Pig. 42). Poor ventilation and sultry, oppres¬ 
sive weather are characteristic. In past times these regions were 


to sea rXtIr T}, from sea to land in summer and from land 

to sea in mnter. They are more fuUy explained in the latter part of this chapter. 

Cumulus clouds are described and illustrated in the next chapter ^ 
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rigorously avoided by sailing vessels. Owing to the fact that a 
sailing ship could very well be becalmed for days in the doldrums 
because of lack of wind, such boats often took longer routes and 
went far out of their courses in order to cross in the narrowest 
parts of the belt. 
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Fig. 42. —Nortlieast and southeast trades and doldrums over the Atlantic Ocean, 
June, 1022. The wind rose is given for each 5® square. Arrows fly with the wind. The 
length of the arrow is proportional to the frequency of winds from that direction. The 
number of featliers on the arrow indicates the average force of the wind. The numeral 
in the center gives the percentage of calms, light airs, and variable winds. iU.S, Hydro¬ 
graphic Office Pilot Chart.) 

Although the doldrums are usually spoken of as a belt, 
it would be incori’ect to conceive of this condition of variable 
winds and calms as having definite northern and southern 
boundaries. It merges imperceptibly with the trades on both 
margins over the oceans, so that its limits are often difficult to 
define. Irregular in width but averaging perhaps 200 to 300 
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miles, it extends in places for as mucii as 10° or more away from 
the equator. In other longitudes, especially where monsoons 
are well developed, as they are in the Indian Ocean, it may be 
wiped out entirely. Over the Atlantic Ocean in July, doldrums 
lie between latitudes 11°N. and 3°N., and in January between 
3°N. and 0°. Most of the doldrum belt probably lies between 
parallels 5°N. and 5°S. 

The Trade Winds. In each hemisphere these winds blow 
over the oceans approximately between latitudes 30° or 35°” 
and 5° or 10°. They move obliquely downgradient from the 
subtropical high centers toward the equatorial low. Over the 
North Atlantic in summer the approximate limits of the north¬ 
east trades are 35°N. and 11°N.; in winter, 26°N. and 3°N. 
In parts of the low latitudes they reach, and even cross, the 
equator. Away from landmasses, trades blow rather constantly 
from an easterly direction (northeast in the Northern and south¬ 
east in the Southern Hemisphere). Over continents, and even 
adjacent to them, both steadiness and direction may be con¬ 
siderably modified. On the island of St. Helena, which lies in 
the heart of the southeast trades of the South Atlantic, the 
percentage of winds from various directions is as follows, 
according to Kendrew:^ 

N, N.E. E. S.E. S. S.W. Calm 

January . . - 5 76 19 

July 1 3 9 62 20 1 5 


Trades are the most regular and steady winds of the earth, 
partic^arly over the oceans. Their characteristic moderate to 
fresh breezes average 10 to 15 miles an hour. Calms are infre¬ 
quent, usually prevailing less than 5 per cent of the time. 
Over landmasses and near their margins the surface trades are 
much less conspicuous. They blow with greater strength and 
constancy m winter than m summer, for in the hot season the 
belt of subtropical highs is broken by the heated continents, 

wS ^ continuous belt of trades at that season. 

TspeciaUy over eastern and southern Asia, and to a degree over 
the waters south and east of the United States as well, summer 
onsoons tend to weaken or even eliminate the trades. In 

‘ Keitohbw, W. G., ciwuae, p. 90 , Oxford University Press, New York, 1938. 
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winter^ on tlie other hand, outflowing continental winds tend 
t o sti cngthen theni. In general, the trades are regions of fine, clear 
\\e<ith(T with lew storms. TLhe most spectacular of these storms 
are the i.ropic^al hurricanes which infest their western equatorial 
margins over the oceans in the late summer and early falL 
The trades yi<.>‘ld little precipitation when traveling over 
oceans or over landmasses of low elevation^ so that they are often 
described as (lc\HeTt ftuikefs^ But when these prevailingly ^^dry” 
winds are forced to rise abruptly, e,g,y along the elevated wind¬ 
ward margin of a continent, they may yield copious rain. On one 
of tlie mountainous Hawaiian Islands, located in the northeast 
trades, annual rainfall on the windward side is over 200 inches, 
but. oil the leeward side it is less than 20 inches (Fig. 43). 



When iiioi.st wuids arc forced to cross xnoxintain barriers, heavy precipitation 
fiills <m tlic- wimUvurd slopes, but leeward slopes arc relatively dry. 

Tradr-untid BclLs' a.s' Sathng Houles. Because of tlie steady 
Tiaiure of the trailes, as well as their fine, clear weather with few 
s('v<'r(‘ .slonti.s, ihoy were thoroughfares for sailing vessels. 
'I'Ik' routi's t)f ship.H powered with either steam or Diesel engines 
are, of eour.se, hut little influenced by wind belts. Just as sailing 
craft avoidi'd tlu^ IxdLs of calms and fickle winds, so they sought 
out fh(‘ Iratle.H nud plotted their courses in order to take ad- 
vaiitagx* of (hem. Tims, the charted route for wind-driven boats 
traveling from Europe to the United States ran southward 
along 11 h‘ .\llantic <k)a.st of Europe and Africa to about latitude 
‘ia" or ‘Mf, then due we.stward in the trades, and finally north¬ 
ward again in the we.stern Atlantic (trace on Eigs. 30, 31). 
'I'his i.s much farther in miles than the more direct steamship 
routx' of today; hut .sailing craft measured their trips in days 
rather than in mih's, and better time could be made by sailing 
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with the trades over a longer course than by figJifiiig againHt: 
the westerlies over a shorter route. 

Columbus in his first voyage to the Ntnv World sailed soiit h 
from Spain to the Canary Islands and thiui westwani in fli(* 
trades. His journal of the voyage contains fnaiueni retnark.H 
concerning the fine weather and the favorable winds t‘X[)eri<‘need. 
One notation describes the weather as Ix'ing like .April in .Vnd;i- 
lusia. The almost constant following winds from the nor!liea.>t 
worried the sailors, however, for they feanal (hat i1h‘ relurii 
trip to Spain might be impossible. ITpoii one occasion wlien ii- 
westerly wind was experienced, Columbus wroli^: “'rids cori- 



Fiq. 44.—The subtropical “belt” ot variable winds and cnliiia, or lmrnc latifwb***. 
over the North Atlantic Ocean for June. Explanation of .symbols is xivn-n below h'jjf. 

(US. Hydrografkio Office Pilot Chart.) 

trary wind was very necessary to me, becatise my pcoplt* wcr«f 
much excited at the thought that in these sea.H no wdnd evt*r 
blew in the direction of Spain.” 

The flying route from CaHfornia to China via the Hawaiiaii 
and the Philippine Islands takes advantage: of (he fun' w<‘alli«'r 
of the trades. In flying west the trades are ul.ilizt'd as (ail \vind.«. 
On the return trip the ships fly at somewhat higiicr al(iiu<U*r; 
where the trades are weaker. 

Subtropical Belts of Variable Winds and Calms, or the 
Horse Latitudes. Lying between the trades ami stormy 
westerlies over the oceans are the horse latitudes. 'They <>(>cnpy 
the crests of the high-pressure centers where prexssure gra<lit‘nt h 
are weak. Light, variable winds and calms theri'fon* are 1 he ruL- 
(Fig. 44). All regions with such wind charactt'ri.sdcs must <»f 
necessity have weak pressure gradients. Ou tln^ wind chart .s 
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(Figs. 30, 31) the horse latitudes are the centers of the great 
subtropical “whirls” of air, these whirls having opposite rota¬ 
tions in the Northern and Southern hemispheres. Although the 
horse latitudes are like the doldrums in their preponderance of 
light and fickle winds, blowing from any and all points of tke 
comimss, they are totally unlike them in their general weather 
conditions. Because they are regions of settling air and light, 
variable winds, the air is prevailingly dry. Skies are clear! 
the weather is fine much of the time. Sunshine is abundant 
and rainfall is relatively low. The centers or “ridges” of sub¬ 
tropical high pressure lie in the vicinity of latitudes 30° to 
40°N. and S. These are sometimes known as the Mediterranean 
lahtudes, because they correspond in location to that sea. The 
representative wind rose (Pig. 44) for these regions resembles 
that of the doldrums, calms prevailing 15 to 25 per cent of the 
time; and light and gentle breezes from all points of the compass, 
the remainder. The horse latitudes, like the doldrums, are 
avoided by sailing vessels. 

Stormy "Westerlies. Moving downgradient from the centers 
of subtropical high pressure to the subpolar lows (roughly 35° 
or 40° to 60° or 65°) are the stormy westerlies. Particularly is 
the poleward boundary of this wind belt a fluctuating one. 
It shifts with the seasons and over shorter periods of time as well. 

The westerlies are distinctive among the wind belts in that 
they are neither uniformly strong nor weak but instead are 
composed of extremes. “Spells of weather” are one of their 
distinguishing characteristics. At times, and more especially 
in Ilui winter, they blow with gale force; upon other occasions 
mild brtH'zes prevail. Although designated as westerlies (westerly 
being the direction of most frequent and strongest winds), 
air do('.s blow from all points of the compass (Fig. 45). The 
variability of winds, in both direction and strength, so charac¬ 
teristic of the westerlies, is largely the result of the procession 
of storms (cyclones and anticyclones) which travels from west to 
east in these latitudes. These storms tend to break up and 
modify the geiu^ral westerly air movement. Moreover, on 
the ca,st(‘rn sid('.s of Asia, and to a lesser degree North America, 
monsoon wind systems tend to disturb the westerlies, especially 
in siiiiimer. 
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It is in. tte Southern Hemisphere, where in latitudes 40® to 
65° landmasses are largely absent, that the westerlies can be 
observed in their least interrupted development. Over these 
great expanses of oceans, winds of gale strength are common, 
in summer as well as winter. These are the “roaring forties’' 
of nautical jargon. In the vicinity of Gape Horn they are often 



so violent as to make east-west traffic around the Cape not onljr 
^cult but even dangerous. It is a wild region where gale 
toUows gale with only brief intervening lulls; where raw chilly 
weather, cloudy skies, and mountainous seas prevail* 

The westerlies of the Northern Hemisphere, where the great 
anctoasses with their seasonal pressure reversals cause the 
wmd systems to be much more complex, are considerably less 
^olent m su^er than in winter. In summer, gentle to fresh 
breves prevail, and wmds come from a great variety of directions 
TOth almost equal frequency. But winter winds are strong and 
boisterous, blowmg mamly from westerly directions. In winter. 
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great masses of cold polar air occasionally move equatorward in 
the westerlies. 

It is clear that the westerlies must be more difficult and 
strenuous sailing winds than are the trades, both because they 
are more stormy, and likewise because they are more variable in 
strength and direction. Although the winds are variable, they 
are strongest and most frequent from the west, so that saili'n g 
vessels plot their courses to take advantage of'this condition. 
Thus sailing craft use the trades from Europe to America and 
the^ westerlies on the return trip. Similarly, in going from the 
United States or Europe to Australia, they go by the Cape of 
Good Hope, returning by Cape Horn. 

Polar Winds. In the higher latitudes, beyond the belts 
of westerlies, the subpolar low-pressure troughs are extremely 
wild and stormy areas, for they are the routes followed by a 
large number of cyclonic storms of high latitudes. These storms, 
especially in the cool seasons, move southward into the paths 
of steamships plying the North Atlantic and North Pacific 
oceans. Winds of gale force together with huge waves often 
reduce the speed of an ocean liner. As a result, the ship’s arrival 
at its destination may be delayed many hours. 

Tekeestiila.£i Momfications of the Planetakt Wdstd System 

Causes of Terrestrial Modifications. Certain modifications 
of the idealized planetary wind system are due to (1) the inclina¬ 
tion (23|-°) and parallelism of the earth’s axis, (2) the distribu¬ 
tion of large landmasses in the Northern Hemisphere, and (3) 
shapes and elevations of landmasses. 

Latitudinal Shifting of Wind Belts. The inclination and 
parallelism of the earth’s axis as the earth revolves around the 
sun cause the sun’s vertical ray to migrate from 23i°N. (summer 
solstice, about June 21) to 23|-°S. (winter solstice, about Decem¬ 
ber 21), a total of 47®. This in turn causes a north-south migra¬ 
tion (of lesser extent) of the temperature, pressure, and wind 
belts. Some regions are thus influenced by two wind belts 
during the year. For example, between latitudes 5° and 15°N. 
and S., the doldrums may prevail during high sun, and the 
trades during low sun. Certain Mediterranean lands (latitudes 
30° to 40°) experience the clear, dry weather of the horse lati- 



70 ELBMENTAEY METEOEOLOGT 

tudes and trades in summer and the more stormy and wetter 
weather of the cyclonic westerlies in winter. 

Monsoon Winds. Monsoon winds are the result of the 
earth’s surface being composed of great land and water areas 
which have imequal heating and cooling qualities. Seasonal 
differences in temperature often give rise to seasonal contrasts 
in pressure; and, of course, contrasts in pressure give rise to 
changes in wind direction. The chain, or sequence, of events, 
then, is from temperature, through pressure, to winds. 

In winter, for example, the interior of Asia becomes exces¬ 
sively cold, resulting in the development of a great stationary 
continental anticyclone or high-pressure center. Over the warmer 
seas to the east and south of Asia temperatures are higher, and 
the pressmes consequently lower. As a result of this arrange¬ 
ment of the pressure areas, the surface gradient is from the 
continent toward the ocean. Consequently, cold surface winds 
move out from Asia toward the surrounding seas. This pre¬ 
vailing land wind constitutes the vdnter monsoon (January, 
Fig. 30). It is not always from the same direction in the variotis 
parts of eastern and southern Asia, for it blows from the west 
and northwest in Japan and North China and from the nortii 
and northeast in southern Asia, where it acts to strengthen the 
normal trade winds of those latitudes. But although not always 
from the same direction, it is, in almost all sections, a land 
wind, bringing cold, dry air down to the very sea margins and 
beyond. This condition is not conducive to rainfall, so that 
winter, or the period of low sun, is characteristically the driest 
season in monsoon lands. Winter monsoons, particularly of 
middle latitudes, are subject to interruptions by the passage of 
cyclonic storms which bring some precipitation even in the cool 
season. 

Summer Monsoon. In summer the Asiatic continent 
becornes warmer than the adjacent oceans, and as a consequence 
a semipermanent seasonal low-pressure center develops over that 
an mass. Higher pressure prevails over the cooler oceans, so 
that the graient is from sea to land, as are also the winds 
tJ.uly, J? ig. 31). T^s mass of sea air moving in toward the heated 
contment is cal ed the ^mmer monsoon. Much of it originates in 
the trades south of the equator. -Since it travels great distances 
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over bodies of tropical water, it brings with it abundant supplies 
of water vapor which are conducive to rainfall. Summer, there¬ 
fore, is characteristically the wet season in monsoon lands. The 
summer monsoon is not always a wind from the same direction 
throughout southeastern Asia, but at least it is from the sea. 



JANUARY 

Fig. 46.—Seasonal pressures and winds over India. 


Interruptions due to cyclonic storms are not infrequent. In 
monsoon regions continental-controlled winds tend to wipe out 
the planetary system of trades and westerlies, substituting in 
their places a terrestrial system. Hot, humid summers and 
relatively cold, dry winters are. characteristic of most regions 
with continental wind systems in the middle latitudes. India, 
cut off as it is from the rest of Asia by high mountain ranges and 
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plateaus, has a monsoon system of local origin, quite distinct 
from that of the rest'of the continent (Fig. 46). The following 
will help to fix the chain of events described above for a monsoon 
region: 

Winter—Asia cold.. . .high pressure.winds toward sea.dry season 

Summer.. .Asia warm.. .low pressure.winds toward land.. . .wet season 

Partly because of the great size of the continent, the monsoorx 
system of winds is most perfectly developed over eastern and 
southern Asia, although monsoons in modified form, or monsooo. 
tendencies, are characteristic of other regions as well (Pig. 47) • 



Fig. 47.--Seasonal winds over the United States. (After Ward.) 


Southeastern United States, northern Australia, Spain, and 
South Africa all are regions with monsoon tendencies. These 
land OTeas may not always be sufficiently powerful to cause a 
complete seasonal reversal of winds as is Asia, but at least they 
create partial monsoons. 


Land and Sea Breezes. Just as there are seasonal wind 
reversals (monsoons) resulting from seasonal temperature 
contrasts between land and water, so there are diurnal, or daily, 
monsooi^ resffiting from similarly induced temperature con- 

ras s wi ■ e 4-hour period. These are called land and sea 
breezes, or diurnal monsoons. 


land^t!? coasts there is often «, dnft of cool, heavy air from 

land to water at mght (corresponding to winter) and a reversed 
wnd direction, sea to land, during the heat of the day. Usually 

much later than 4 m the afternoon. It is a shallow wind, pene¬ 
trating only a short distance inland, usually not over 20 miles 
iUong tropical shores the sea breeze is a reLrlrabry importint 
climatic phenomenon, causing these places to be more^livabl^ 
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and healthful than they otherwise would be. The beginning 
of the sea breeze may cause a drop in temperature of 15° to 20° 
within 4 to V hour. Coasts with well-developed sea breezes are 
inclined to have modified marine climates, with the daily tem- 
pc'rature extremes much reduced. The coasts of New Jersey and 
noi tlu'rn ( hile are examples of regions having well-developed 
sea breezes in summer. 

Mountain and VaUey Breezes. Like land and sea breezes, 
these local winds have a distinct diurnal periodicity. During 
the day the air of an enclosed valley, or that adjacent to a 
slope receiving relatively direct rays of the sun, becomes heated 
so t.hat active convectional ascent of the warm and expanded 
air takers place up the valleys and along the mountain slopes. 
1 his daytime updraft of warm air, or valley breeze, is indicated 
by the niass(\s of cumulus clouds that collect about the peaks of 
mountains during summer days. They are the visible tops of 
invisible ascending air currents. Daily summer afternoon rains 
arc therefore common in mountains, and visibility, because of 
the cloud masse.s, is restricted during the warm hours of the day. 

After sundown, as the rapidly cooling slopes begin to chill 
the air layers next to them, the cooler, heavier air begins to slip 
<lown the mountain sides into the valleys (the principle of air 
flrainag<^ discussed in the previous chapter). This is a reversal 
of the day current and is known as the mountain breeze. It is 
oftt'u very inaxa^pt ible at the mouth of a gulch. Where there are 
niark(‘d con.st rieliou.s in a valley that drains a large area, strong 
winds may result. Hummer camps are sometimes pitched at the 
mouth ol a valUy in t)rder to benefit from the cooling effect and 
V(‘ntilatiou j>rovi(l<'(l ])y the mountain breeze. The cool evening 
breeze at t racts thousands of vacationists to mountain resorts in 
summer. 

Winds and Ocean Currents. The slow moving of surface 
waliTs of the oc'c'an (average rate about 2:1: miles iier hour) is 
iargely due to the friction of steady winds blowing over the 
wat t'r surface: day aft<‘r day. Thus the trade winds cause a slow 
drift, of oe(\-iu wa.fi'r t.oward the west, both north and south of 
the e(|ualor, ami llie westerlies cause an eastward movement. 
A more detailed di.scu.ssion of ocean currents is given in a later 
chapter. 
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Sinnmary 

Air has weight and therefore exerts pressure on all surfaces- 
Air pressure decreases about 1 inch per 900 feet increase in 
elevation. Isobaric charts indicate certain pressure belts on the 
earth. These pressure belts are directly related to the planetary* 
winds of the world. Planetary winds greatly influence climate- 
They are modified in places by differences in temperature 
between land and water bodies. 

Water evaporates into the air in the form of invisible water 
vapor. Winds carry water vapor from the oceans to the con¬ 
tinents. This water vapor condenses to form clouds which in. 
turn bring rain. Our next chapter, therefore, deals with atmos¬ 
pheric moisture and precipitation. 


Questions 


1. What is the most important function of the wind? 

2. What is barometric pressure at sea level in inches of niercury? 
In pounds pa: square inch? 

3. Which is heavier, warm air or cold air? 

4. Why does a barometer rise and fall? 

5. Normally, does high or low barometer result from high tem¬ 
perature? From low temperature? 

6. Why do the lower layers of air have greater density than those 
at high altitudes? 

7. How much does air pressure decrease with increase in altitude? 

8. One-half the atmosphere by weight is within how many feet of 
the earth’s surface? 

9. DeiBne isobar. 


_ 10. my is the ideal arrangement of wind belts more easily recog¬ 
nized in the Southern than in the Northern Hemisphere ? 

11. mat are the four most noticeable features of average atmos¬ 
pheric pressure over the earth’s surface? 

12. mat is wind? What causes wind? 

13. Define pressure gradient. 


14. State the two fundamental rules dealing with the relationship 
Detween pressure and winds. 


15. How do isobars help to indicate wind velocity? 

16. Define windward, leeward, prevailing wind. 

17. mat IS the prevailing direction of the wind in the Central 
states m summer? Why? In winter? my? 
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18. During droughts in the United States, what are the prevailing 
wind directions ? 

19. How are direction and velocity of upper winds ascertained? 

20. What are the prevailing directions of upper winds in the Cen¬ 
tral and Eastern states ? How does wind velocity usually change with 
increase in altitude? 

£1. Why is a knowledge of upper winds so important to an air¬ 
plane pilot? 

£2. Why does an airplane take off and land against the wind? 

£3. What is an anemometer? 

£4. Why are winds steadier over water than over land? Give two 
reasons. 

£5. What is the average wind velocity in the Central states? 

£6. In aviation, what is meant by a head wind? Tail wind? Side 
wind? 

£7. Why is wind velocity important in aviation? 

£8. Where is Mt. Washington? What wind velocity has been 
recorded there? 

£9. Name the planetary winds. 

30. How are they deflected by the earth’s rotation? 

31. Why are wind belts less continuous in the Northern than in 
the Southern Hemisphere? 

3£. Where are the two principal low-pressure centers of action’* 
in the Northern Hemisphere? Give their names, 

33. In the doldrums, what is the nature of winds? Of rainfall? 

34. Why did sailing vessels avoid the doldrums when possible? 

35. Most of the doldrum belt probably lies between what parallels? 

36. What is the approximate latitude of the trade winds? From, 
what direction do they blow south of the equator? North? 

37- In general, trade-wind regions have what kind of weather? 

38. Where do trades produce copious rainfall? 

39. Why were the trade winds favorable to sailing vessels? 

40. What are the longitude and latitude of the Hawaiian Islands? 
They are in which wind belt? Which mountain slopes receive heavy 
rain? 

41. What route is followed by sailing vessels across the Atlantic? 
By airplanes from California to China? Trace on a map. 

4£. What is the nature of winds in the horse latitudes? Describe 
the weather in these regions. Why is it'relatively dry ? 

43. What parts of what continents are in the^stormy westerlies?^ 

44. Describe wind behavior in the stormy westerlies. Why such a 
great variability in direction and velocity? 
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45. In wtat latitudes are the westerlies least interrupted? 

46. Where are the “roaring forties”? What is the nature of 
Weather there? 

47. What is the general nature of polar winds? 

48. What is meant by “latitudinal shifting of wind belts ” ? 

49. What causes the winter monsoon of Asia? Effects on tem¬ 
perature? 

50. Why is winter the dry season in monsoon regions? 

51. What causes the summer monsoon of Asia? 


52. Why is summer the wet season in monsoon regions? 

53. Why does India have a monsoon wind system of local origin? 

54. North America has a monsoon tendency. Is such influence 
more noticeable on the East or West coast? Why? 

55. Explain the cause of land sea breezes. Where do such breezes 
influence daily weather in the United States? 

56. mat is the cause of mountain and valley breezes? 

57. What IS probably the principal cause of ocean currents? 


^ Suggested Activities 

Shota^w^T ^rows to indicate wind “belts.” 

Sbluerr? 1 ®steamship routes 



Construct an electrical indicator j a* 

about 12 by 20 inehes and 3 inches deeu bT'l!? 

•the space.into eight equal parts Place ii^ Partitions to divide 
pocket Over the top of t^ W Lf • ^ in each 

the wind directions shown as in translucent glass with 

pointed switch as shown at A AiL t^rt r'’ 

TOnd vane. A sliding contact is fasten^rl t S ^ipnght rod of a 

OTCr the eight segments as the wind vane cwT^^- 
cable of nine wires from the eight-nointprl direction. Run a 

in the laboratory. ^ to the box of lights 

Build an anemometer such that the center rnfl tl, 4 - 
cups rotates with the cups. On the center r ^ supports the 

swatch m such a way that when the cups rLT^""« electrical 

1 iouate sufficiently, elec- 
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tncsil contact Ls made, closing a circuit tliat causes a light in the 

lahora ory o f asln The number of flashes per minute will provide an 

idea oJt wiikI velocity, ^ 

It <i barogiaph is not available, record the barometer readings 

c\t iy K)ur, an< j> ot a curve to show changes in atmospheric pressure 
■during the day. 


4. hmd out the elevation above sea level of your school building, 
he,luce the barometer reading to sea level by adding the necessary 

^ u Salt Lake City, YeUowstone Park, 

iUH I At s eak. lliis is the necessary procedure in construction of the 
daily weather map. 

5. ^ If jKissible, visit an airport. Observe the care with which wind 
Veocity and direction are recorded. At the larger airports you may 
hear the radio operator advising a pilot in the air to fly at a certain 
allitude m order to take advantage of favorable winds. 

.Noil'.. Other activities may‘be found in the laboratory manual.. 


Topics for Class Eeports 

1. Local (Conditions of Atmospheric Pressure and Winds 

2. Ihssults of Upper Air Observations in the United States 

fl. Pilot Charts of the Various Oceans (U.S. Hydrographic Office) 
4. d'he Use of Air Pressure in Ascertaining Altitude 
!>. Hulloon and Airplane Soundings of Upper Air Conditions 
(!. 'I'he Monsoon "VViids of India 
7. 'I'lic ih)ul.cs of Sailing Vessels 

^ K. 'I'lie Contrasting Weather Conditions in the Trades and 


iK (’(Ultras!inf' J^'cssurc Gnidicnts in Summer and Winter (See 
U.S. W(uith<*r maps) 

l(t Windward and I.eewar<l Coasts of South America 
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Chapter IV. Atmospheric; Alois! lire 
and Precipitalioji 


The composition of the atmosph('n: is fairly roirslatil fri»*i» 
time to time and place to place. The umattut of wafer vapur tii 
the air, however, is by no means uniform, .siius' if, varies froMi 
nearly zero to almost 5 per cent. This varial.iHty is of (mf sf.aml- 
mg importance for the following reasons: (1) T'he aimmnf «!* 
moistme m the air is directly related to rainfall im.s,sil»ilitjo». 
U Water vapor absorbs energy radiated from the earth iiHfl 
thus tends to regulate temperature. (3) Thegrea!.*r the anmmit 

enerffv^f greater the quaytily of .Mton-d-np 

v3is ?iet- r 

rate of cnnfi ^ ^portant factor affeciting Iho human hiaiy’jt 
rate of coolmg, ^.a., the sensible temperature. 

the continents. Less important K„t «''’er 

sources ol almospherio moisiure m l”rS‘'h,,'i''''"“r"'''' 

the vegetation cover and fhf^ yv.; t .^tirfarf*^^ 

give J more ^ 

not so much as a freelv does bare grouml l.uf 

turnover is forever in progress as^LeJ^? rt, surface. A 

vapor, additions being mfde thm^l idmosphejv’.s a t. r 

aeoecs.ro.cW,so-q-2Sr;r^^ 



atmospheeic moisture and precipitation 79 

♦ 

liquid or solid form to the seas. Half the water vapor in the air 
lies below an altitude of 6,500 feet. 

Evaporation and Condensation. Eva'poration is the chang¬ 
ing of a liquid to a gas. Some solids, such as ice, evaporate. 
The rate of evaporation of water depends upon (1) the tem¬ 
perature of the water, (2) the temperature of the air that is in 
contact with the water, (3) the amoirnt of water vapor already in 
the air, and (4) the velocity of the wind. Condensation is the 
changing of a gas to a liquid or solid. Water vapor, which is 
invisible, condenses into a visible liquid form (cloud) when 
air is sufficiently cooled (Fig. 49). These processes are well 
illustrated by an airplane in flight. In one stratum of air having 
a temperature a few degrees below freezing and containing 
some water in liquid form, moisture may condense in the form 
of ice on the leading edge of the wing; in another stratum the 
ice may evaporate rapidly. It is evident that the two strata differ 
in the quantity of water vapor present. 

Latent Energy in Water Vapor. Heat and motion are forms 
of energy. Heat energy is required to change water in the liquid 
form into steam or water vapor. The unit of heat energy, the 
calorie, is the amount of heat required to raise the temperature 
of 1 gram of water 1°C. It takes 80 calories to convert a gram 
of ice into a gram of water at freezing temperature. A much 
greater quantity of heat, 607 calories, is required to evaporate 
a gram of water at 32° into water vapor at the same temperature. 
Thus it is evident that water vapor contains more potential 
energy than the liquid form. This stored-up energy is called 
latent Jieat. For the most part it is transformed sun energy which 
was employed in evaporation. One reason why bodies of water 
heat slowly is that so much energy is consumed by evaporation 
at the surface. That evaporation requires heat is evident from 
the cool sensation experienced when the skin is moistened with 
water or, better, gasoline or ether. In this case heat is subtracted 
from the skin to convert the liquid into a gas. If energy is con¬ 
sumed in the process of evaporation, then, conversely, energy 
should again be released during condensation. Latent heat of 
condensation is the heat released by the condensation of water 
vapor, especially in the formation of clouds. This heat increases 
the strength of convection currents in the center of a storm, 
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thus increasing the intensity or severity of the storm itsolf- 
On a cloudy night when condensation is taking place, latter* t 
heat of condensation aids in preventing the normal cooling of t 
lower layers of air. 

Humidity 

The amount of water vapor that air can hold depends larf?oIy 
upon its temperature. Capacity is the maximum amount of w*i.l 
vapor that a cubic foot of air can hold at a given temperatur**. 

Maximum Watek-vapor Capacity op 1 Cu. Ft. op Air at Varyino 

Temperatuees 


Temperature, 

Degrees 

Fahrenheit 


Water Vapor, Difference between Biiccestiwe 
Grains 10° Intervals 



foregoing table that warm air i» 
enable of holdmg much more water vapor than cold air. Warr« 

producing abundant 
IT ^ ^ said to be saturated when it con- 

S— It a™ 

temperature and pressure, is lighter than air in the ratio 
5 to 8. Very humid air is. therefore, lighter than^ L 
Mr conneciuently in less able to sup^rt ’“"f 

parWen than in d^ at at the aame^C^Ue ® 

the air measured in grains per cubic fooTr 

Hieter). This amount uLaU^ " 

equator and decreases toward thTpoles var^ 

however, with distance from the o^ean’atiT ^ 1 ?'’“ 

water. Masses of air differ greatly in absoluteT^^^'^.i^''‘^'mu‘^^ 

IS especially noticeable in winter AtrotuVal This 

a wmter. A tropical air mass, originating 
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over the Caribbean Sea or the Gulf of Mexico and moving 
north, usually has a high absolute humidity, whereas a polar air 
mass, moving from northern Canada toward the south, contains 
much less water vapor per cubic unit. Absolute humidity is 
usually very low when an air mass from northern Mexico, New 
Mexico, and western Texas moves from the southwest toward 
the Central states. This air from the southwest may carry 
much dust. At such times both absolute and relative humidity 
are very low, owing partly to the absorption of moisture by the 
dust. During one dust storm in March, 1936, the relative humid¬ 
ity at Kansas City, Mo., was 8 per cent at 11 p.m., a time of day 
when, relative humidity often is in the neighborhood of 80 per 
cent. 

Relative humidity is the percentage of water vapor in the 
air and is determined by the ratio of absolute humidity to 
capacity. Stated in another way, relative humidity may he said 
to be an expression of the relationship between the actual 
amount of water vapor in the air (absolute humidity) and the 
total amount of water vapor that the air could hold at the same 
temperature (capacity). For example, air at 70°F. can contain 
approximately 8 grains of water vapor per cubic foot (its 
capacity). If, however, it contains only 6 grains (its absolute 
humidity), then it is only three-fourths saturated, and its 
relative humidity is 75 per cent. Whenever temperature of the 
air changes, capacity also changes, and therefore relative 
humidity. This is illustrated by the following figures: 


Temperature, 
Degrees F. 

Absolute Humidity, 
Grains 

Relative Humidity, 
Per Cent 

40 

^.9 

100 saturated 

50 

2.9 

71 saturated 

60 

2.9 

51 saturated 

70 

2.9 

SO saturated 

80 

2.9 

27 saturated 

00 

2.9 

19 saturated 


The relationship existing between absolute humidity (AH), 
capacity (0), and relative humidity (RH) may be expressed by 
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the following formula: 

AH 

BH = (expressed in p<Te<‘n(jig «0 

If air that is not saturated is suineienlly cooled, llu-ndiv 
reducing its capacity for moisture, a tempcra'hin' is .‘veiduall 
reached at which the mass of air is satundcl. d'lic drir nohtf i- 
the temperature at which the air is saturattHi and l.dow whi<-h 
condensation tates place. Thus air at OO" that coidains .5.7 

dew point of 60 becaiise5.7i3capaci(yat()0''.J'’nr(iicr 

BAwsT’s “bovc „.Kl i,,i cTy»,„l» if 

wa J f ““ "f.IS cooled to .J0°. The amount ..f 

SlalS page" *™-“ 

'cooKomSS ^ saturated air in 

cooiea. t,omparmg warm and cool am, the followim/ rnnu 1^. 

noted: saturated air at 90° cooled 20° 2^1rh 77 ^ ^ ^ 

cubic foot; saturated air at 50° 000^20° y 

cubic foot. ^ ^ P**** 

»tSibjute wSt™° ™ 


AR RH X C Capacity at 70° 
= 0.72 X 8.0 

= 5.76 grains per cubic foot 


8.0 


if its temperature wert^redLS^to 60 °^ Tht^ satunitcl 

Problem 2 . Outdoor al at 30° L;. 
cent is brought indoors and belted to ''f I"‘r 

water vapor. What is the relative humidity kdTors^ 


AR RR XC AR = o.80 X 1.9 
Temperature indoors is 70°; therefore G = 8.0 


1.52 


RR = 


1.52 


8.00 ~ per cent indoors 


^ illustrates a condition th-It tr. cr. 

W3 and public buddinga iu ™tt“‘SaUr 
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19 per cent indicates very dry air which, together with dust, 
causes inflammation of the tender membranes of the nose and 
throat, possibly making us more susceptible to contagious 
diseases of many kinds. Since dry air causes more rapid evapora- 
^on of moisture from the body, with the resulting cooling effects, 
it follows that increased humidity would improve the quality 
of the air from the standpoint of human comfort. For these 
areasons and others, effort should be made to add moisture to the 
air indoors in winter. Some furnaces are equipped with humidi¬ 
fiers. Evaporating pans can be placed at suitable places. 

In the summer, especially in our Central and Eastern states, 
Relative humidity is often abnormally high, causing us to 
fie extremely uncomfortable. We speak of such weather as 
™-uggy> or “sticky.” On such days, indoors, we should seek 
mot only to cool the air but to reduce its water vapor content. 

Air conditioning involves those methods by which air is - 
firought to and kept at the most desirable temperature and 
fiumidity for the comfort of the human body. Such conditioning 
includes the following: (1) filtration of the air, (2) disinfecting, 
C3) regulation of temperature, (4) regulation of humidity, (5) 
circulation, and (6) proper insulation of the building. Many 
modern homes are equipped with air-conditioning units. Cer¬ 
tain railroads are featuring fast, streamlined, air-conditioned 
trains. Steamship companies whose vessels travel in tropical 
waters are offering as an added attraction air-conditioned sleep- 
ing quarters aboard ship. It is a rather remarkable fact that the 
people of a large city will spend considerable sums of money 
for the heating of homes in winter but that relatively small 
expenditures are made for cooling in summer. And yet in that 
same city deaths from heat prostration may actually exceed 
tliose caused by severe cold. 

Condensation 

WTiat Causes Condensation. The only known method 
whereby water vapor in the atmosphere can be converted into 
tlie liquid or solid state (condensation) is to reduce the tem¬ 
perature of the air below the dew point. When air is cooled, its 
capacity for water vapor is lowered; and if the cooling is suflGi- 
cient, condensation of water vapor must result. The dew point 
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of any mass of air is closely related to its rcliif ive lunnulity- 
When tlie relative humidity is high and the air is close to th** 
saturation point, only a slight cooling is iiccessury for llu' 
point to be reached and for condensation to Ix^giii. On the oth<*3r 
hand, when relative humidity is low, as it usually is over 
hot deserts, a large amount of cooling is reciuircd before th*'r 
dew point is reached. Condensation, therefore, d(‘j)ends tiptJii 
two variables: (1) the amount of cooling and (si) the relaiiv#^ 
humidity of the air. If the dew point is not reached until the 
ternperature falls below 32°, the condensed water vapor intiy 
be in the form of tiny ice crystals (white frost, snow, and suni'is 
clouds); if condensation occurs above the freezing point, it will 
be in the liquid state (dew, fog, and most clouds). 

mm* . • 

Methods of Cooling the Atmosphere and Resulting Fonius of 

, Condensation 


^ Quiet Air in Contact with Cold Earth’s Surface. Day aiicl 
night the earth radiates its heat into space. If the surface 
cools, the m contact with it also cools, owing largely to mn- 
duction of heat from the lower layers of air to the earth. Clear 
s es an ry air are relatively essential to this procc'ss, since they 
permit rapid loss of heat from the earth. Windy nights arc not 
oinducive to smface coolmg, for under these conditions them 

Wr t Moreoyer,_the cooling is distributed throngh- 
and fros/aren ^ ^^^^-known fact that both <le>V 
and calm than on h ^ ^ occur on nights tliat arc clear 

and a wind i.*, 

layer 

noticeable in lowlands, wherf, as frtult ^ 

colder, heavier air has collected. Fogs of this n^^t 
radzatim, or lowland, fogs. From a hillton called 

“lakes” of fog, or p^tchL oTZCo^^T^ 
depessions. As the sun rises, these lowSd 

the chilled air collecting in the Thames lo^kud''Thri 

and persistence are a result of a “lid” of smoke and so^'wS 
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prevents the penetration of sunlight which would cause evapora¬ 
tion of the moisture particles. 

Dew is formed when water vapor condenses on the earth’s 
surface and the temperature is above 33°. Dew forms quickly on 
grass mainly for two reasons: (1) Transpiration of water from the 
grass inci'eases the relative humidity of the air near the ground, 
assuming a calm night. (2) 'Ihe millions of blades of grass offer 
a tremendous surface from which heat is radiated, thus lowering 


Fia. 49.—Stratus clouds and advcction fog, seen from Mt. Wilson, California. (Fkoto 

graph by F, FMerman.) 


the f (nuiXTature below the dew point. Drops of water condensed 
on the outside of a pitcher of ice water illustrate the formation 
of (l(‘\v. The approximate dew point of the air can be found by 
noting the tempciraturc of the water inside the pitcher at the 
moment when condensation first begins on the outside surface. 
While frost is formed when condensation occurs below 32°, 
For llu' most; part, frost consists of delicate ice crystals resulting 
froni the direct eliang(i of water vapor to ice. A similar change 
at high alt it.mles <-a.uses the formation of snow. There are times, 
on the eart h’s surface, when the temperature drops below 32° but 
tioes not reach the dew point, and no white frost appears. 
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NeyertBeless, a frost lias occurred. This type is called a dry 

freeze. 

Moist Air Moving over Cold Surfaces. This process of 
coolmg the air produces relativeljr widespread, dense, a.n<l 
persistent fogs, the type that seriously hinders aviation. Siicli 
are known as advection fogs (Fig. 49 ) . Especially in winter, iiiois t 
air from the south may blow over the cold, often snow-cove*i"ef 1 



The dense fogs along the Cali¬ 
fornia coast are largely due to 
the chilling of moist ocean winds 
as they pass over a belt of up- 
welling, cold water near shore. 
Fogs over the Great Lakes often 
result, especially in spring, wlxen 
warm winds from the land blo w- 
over the colder water. In tiae 
region of the Grand Banks off 
Newfoundland, the Gulf Stream, 
a warm ocean current, comes near 
Fio. so.—Ti^ t" k j—' X labrador Current. Ex:- 

wnt and relatively result, aS thtO 

n from over the 

iwW^soiiih into the patha of ocean Water of the Labrador Current 
I.n.p.Oken-e the location of tie C (Fig. 50') Cool .. ’-“ircnt 

rf Iun.Jy, noted for its extremely «T ® i ^ ^ OC^aU Currents 

tie coasts of CMe oiul 

rcsiMnsiblefoifogsmtiosere^om I“i5oJV 

. At. f. CUV- 

became there is less pressure upon 

At l.^,aup feet, pressure is about one-hah altitudes, 

a.r rises and expands, it cools at fi level. As 

feet. This rate of c;oLgt "L?" 5° per 

thermometer I carried T"" 

-tttio.sji;tere .(about 3.2° per 1 000 fonth tlirough the 

5 compressed by the denser, lower laver^^®? descends, 
t t-Uiperature increases. as a result .its 
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Ascending air currents -4 expansion cooling 

Descending air currents -^ compression warming 
Cooling air capacity for water vapor decreases condensation 

Warming air capacity for water vapor increases evaporation 

Heated air continues to rise until it reaches air layers of 
its own temperature and density. This process of cooling, by 
expansion of rising air currents, is the only one capable of 
reducing the temperature of great masses of air below the dew 
point, thereby causing condensation of water vapor on such a 
large scale that abundant precipitation results. As air rises, it 
finally reaches an altitude where condensation of the water vapor 
present takes place, forming clouds. A consists of billions 
of tiny water particles, so light in weight that they are easily 
carried from place to place or from low to high altitudes by 
winds and air currents. Clouds often are composed of tiny ice 
crystals (snow) in winter and at high elevations in summer. Fog 
and cloud are identical except for differences in height above the 
ground. Not all clouds give rise to precipitation, but all pre¬ 
cipitation has its origin in clouds and is the result of exaggerated 
condensation processes taking place within them. 

Cloud Particles and Light Rays. When light rays pass from 
air into water they are reflected at the surface and refracted 
(bent) as they pass through. Thus the colors of the solar spec¬ 
trum (violet, indigo, blue, green, yellow, orange, and red) are 
brought out by the minlow^ caused by refraction and reflection 
of sunlight acting on multitudes of water particles in the air. 
The action of moonlight on water and ice particles in the upper 
air is responsible for the hah of the moon. Beautiful colors of 
sunrise and sunset are due to the breaking up of sunlight not 
only by moisture but also by dust particles in the atmosphere. 
Tlhese colors are more brilliant in the morning and evening 
because there are far more dust and water particles between the 
eye and the sun at those times of day than, let us say, at noon. 

Cloud Types. Four principal, or pure, cloud types are 
usually recognized. The other numerous types that can be 
observed are modifications or combinations of these four. 

Cumulus* These relatively fair-weather clouds are dis¬ 
tinguished by their flat bases and their beautiful, towering, 
cauliflower tops (Figs. 51, 52). The flat bases mark condensatioa 
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level. Cumulus clouds are the result of vertically ascending air 
currents and are usually associated with local surface heating 
on warm summer days. Of course, convectional ascent does not 
take place over the entire heated surface. In some places warm 
air masses are rising; in others cooler air masses are settling 
to the earth. Thus separate and isolated cumuli occur with 
patches of blue sky between. Sometimes on hot, humid days 



Fw. r>4.~Strat.U8 clouds. {Courtesy of V.8. Weather Bureau.) 


when convection is exceedingly well developed, the cumulus 
clouds iiKiy extend to great heights and develop into thunder- 
lu^nds. ''J'lu'sc overgrown cumulus, or ciitti.uh-nimhutt, clouds 
arc the .sourc(‘s of many local thunderstorms and a considerable 
part of the cuirth’s rainfall (Fig. 52). 

CirriiK. 'Tlie.se also are fair-weather clomls, although not 
iafretiuenily they may be forerunners of an apiiroue.hing storm. 
They occur at great altitudes (5 to 9 miles) wlu're temperatures 
are usually well below freezing so that they are composed of 
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mmute ice crystals. Cirrus clouds assume various forms, some¬ 
times appearing like white ringlets, curls, or wisps of hair 
(Fig. 53). At other times they seem to form an unbroken thin veil 
of fibrous texture over the whole sky. In the latter case they 
produce halos aroimd the moon or sun. Never are they thick 
enough to produce shadows, so they always appear white. 

Stratus. These low-lying layers, or sheets, of cloud form 
a dull, gray sky of uniform color (Fig. 54). Often the gray ceiling 
stretches unbroken from horizon to horizon. They are relatively 
common in winter, producing gray, depressing days. A common 
method of their origin is mixture along the contact plane 
between two masses of air of different temperatures. These 
clouds sometimes bring the ceiling (altitude of bottom side of 
cloud layer) for airplanes to within 100 or 200 feet of the earth’s 
surface; and since they often cover such great areas, they are 
a serious hindrance to commercial aviation (Fig. 65). 

Nimbus. Thick, dark masses of cloud from which rain is 
falling are called nimbus. The word “nimbus” is usually used in 
combination with another, such as cumulo-nimbus. 

The prefix alto- before any of the foregoing names of clouds 
means higher than usual. Fracto- measis broken ztp. Thus a 
rather common cloud type is the fracto-cumulus. 

Forms of Precipitation 

Rain, Snow, and Sleet. The commonest form of precipita¬ 
tion is rain. As stated previously, it is the result of exaggerated 
condensation in rising air currents, at temperatures above 32°, 
whereas snow forms at temperatures’ below freezing. Sleet is 
frozen rain and results when raindrops from a warmer air mass 
above fall through a cold surface layer of air. It is characteristic 
of the cooler seasons. 

Glaze. The accumulation of a coating of ice on objects 
near the earth, often called glaze, is really not a form of pre¬ 
cipitation. Fortunately it. is not of common occurrence, for the 
so-called ice storm that produces glaze is one of the most 
destructive of the cool-season types of weather. It occurs when 
rain, near the freezing point, strikes surface objects whose 
temperatures are below 32° and is immediately converted into 
ice. So great may become the weight of the ice accumulation 
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air above and around it. Ordinarily such rising air, since it cools 
at lu-arly clouble the rate of the normal vertical temperature 
( ecriuise, will rise only a few thousand feet before its temperature 
has l><>(‘n ivduced to the point where it is the same as that of the 
an rounding air. At that point where the rising air reaches air 
■'1 1 a lu ot its own temperature and density, further ascent ceases. 
- Mil it .ibimdant condensation begins before this stage is reached, 
* btm hvni of coiuhmsation is relc;ised, so that with this added 
'<iUH(‘ ol energy the rising air will be forced to ascend much 
.uglnu-before reaching atmospheric strata of its own tempera- 
!ui<.. 1 bus on a hot, humid summer afternoon, when surface 
lU.itmg is intense and condensation abundant, the towering 
<ummlo-nnnbus clouds resulting from convectional ascent 
may be several miles in vertical depth, and precipitation from 
them may be ct)pious. 

( onvetd.ional ascent is usually associated with the warm 
.sea.son of the year and the warm hours of the day. Since it is 
<‘.ssentially a vertical movement of warm, humid air, cooling is 
lupid, and the rainfall resulting is likely to be in the form of 
heavy showers. Because a cumulo-nimbus cloud usually covers 
only a r<datively small area. It quickly drifts by, so that the 
assexuated .shower is not of long duration. Such “dash” rains are 
spot ty and are entirely unlike the general rains over large 
areas produced by cool-weather lows, or cyclones. Convectional 
lain, because it comes in the form of heavy showers, is less 
effective for crop growth, since much of it instead of entering 
i iu' .soil runs off in the form of surface drainage. This is a genuine 
iiuuuicc to plowed fields. Soil removal through slope wash and 
gullying is likely to be serious. On the other hand, for the middle 
Hid higher latitudes, convectional rain, since it occurs in the 
warm season of the year when vegetation is active and crops are 
glowing, comes at the most strategic time. Moreover, it pro- 
\i(l<‘.s the maximum rainfall with the minimum amount of 
cloudiness. 

Orographic Precipitation. Air also may he forced to rise 
wlum laudform barriers, such as mountain ranges, plateau 
escarpments, or even high hills, lie athwart the paths of winds. 
Since water vapor is largely confined to the lower layers of 
atmosphere and rapidly decreases in amount upward, heavy 
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orograpiiic rainfall is the result of such forced ascent of aSr^ 
associated with the blocking effect of landform obstacles- 
Witness, for example, the abundant precipitation along the 
western, or windward, flanks of the Cascade Mountains in 
■Washington and Oregon, along parts of the precipitous east 
coast of Brazil which lies in the southeast trades, or along the 
abrupt west coast of India which the summer monsoon meets at 
practically right angles. The leeward sides of such mountain 
baniers, where the air is descending and warming, are charac- 
teristicaUy drier. TMs arid to semiarid side of a mountain 
range is called the rain shadow. 


The most ideal condition for producing heavy orographie 
ra^all is a high and relatively continuous mountain barrier 
lymg close to a coast, and the winds from off a warm ocean 
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cooler, heavier air. Unlike convectional ascent, which involve 
rJ FMAMjjASoKin direct vertical lifting, the warmer air in 
cyclones more often rises obliquely and 
therefore slowly, along mildly inclined sinr- 
faces of cold, dense air, and cooling as a 
consequence is less rapid (Mg. 57). As a 
result of the slower ascent and cooling, 
precipitation in cyclones is characteristically 
less ^olent than in thunderstorms and is in- 
clmed to be steadier and longer continued. 

Ihe dim, gray, overcast skies and drizzly 
precipitation of the cooler months in middle 
^atitudes, producing some of the most 
impleasant weather of those seasons, arc 
ally associated with cyclones. These 
stems are most numerous and best devel- 

they 

or Wer w autumn 

Tranter than m summer. Most of tbp- 

“id- 

tropics as welT ^ origm. In the 

cycbnesaLb? latitudes, 

tation, altiougrSntfrmrtr^°l 
are of a diffcrpni- • latitudes 

may be likewise. rainfall 

..At least 

"j i « « w J j A 5 0 N region are of outsta^^ P^fcipitation of a 

f —T^eseraia- its total avera^p SI ^ ^^Portance: (1) 

p:i« r~" 

to tie equator. SO. Omaha TSTaK ^ is 

1VX..V to 

V.07 per cent), 
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and only 3.3 inches (11 per cent) during the period November 
lo February inclusive. The fact that the majority of the precipi- 
hiliou occurs during the growing (warm) months is extremely 
imi)orta.nt from the standpoint of the production of economic 
crop.s. Variability in the total amount of precipitation from year 
t o year (its dependability) is hardly of less importance, especially 
for regions that are normally subhumid. It is a general rule that 
variability increases as the amount of rainfall decreases. 

The average annual amount cf rainfall and its characteristic 
Si^asonal distribution at any place (rainfall regime) depend upon 
(1) accessibility to moisture-bearing winds, usually from the 
ocean, and (2) the existence of conditions, principally storms, 
favorable for the condensation cf water vapor. Both conditions 
are essential. The accessibility of a region to moisture-bearing 
winds is related to (1) the general distribution of pressure and 
winds, (2) the character of relief features on the land surface, 
and (3) the distance from oceans, the principal source of water 
Viipor for the lands. The distribution of rainfall over the con¬ 
tinents is discussed more fully in the chapters dealing with 
climate. 

Summary 

The ratio of absolute humidity to capacity, expressed in 
])(Tcentage, is called relative humidity. When air is warmed, its 
capiK'ity to hold water vapor increases. On the other hand, if 
air is cooled below the dew point, water vapor condenses into 
.such forms as clouds, fog, dew, and frost. The lifting of great 
massc's of air causes condensation of water vapor on a large 
scaU^ This in turn brings about the precipitation so neccs.sary 
lo the growl;h of vegetation. Based on origin, there are three 
types of j)reeii)itt>,tion: convcctional, orographic, and cyclonic. 
Annual rainfall and seasonal distribution are extremely iinpor- 
l aui, fac-tors in llu^ juoduction of economic crops. 

In I Ik; last tlvrci; chapters we have studied the temperature, 
pressure, an<l moisture of the atmosphere. All lhe.se are involv(;{l 
in great <listiirbaue(\s of the air, whicli go by tlu; general name of 
storms. Our n(;xt eliupl.er deals with tlu; .sul>j(M;t of st.orms, 
the paths tluit they follow, and the changes in weatlier that 
tliey bring. 
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Question’s 

1. State four ways in which water vapor in the air is of con¬ 
siderable importance. 

£. What is the primary source of water vapor in the air? 

8. What is evaporation? What factors determine the rate of 
evaporation? 

4 . Wiat is condensation ? Is it caused by beating or cooling of the air ? 

5. At what temperature does air condense into liquid air? 

• 3,^^^ ^ nature of air that causes ice to form on airplanes 
m flight? ^ 

7. What IS a calone? How many calories are required to change 
1 gram of ice mto water at 32“? To change water into water vapor at 
tne same temperature? 

8. What ^ one reason why water bodies heat slowly? 

affi condensation? How does it 

affect the mtensity of a storm? Why? 

mtovS?? “ TO* i. Wviar, .h- or 

"ft” lo-. 

13. On the average, when would you exnect T? TT t,. i, i 
noon or at midnight? Why? ^ ^ ^ 

15. wiat iZpoiS? Sr*”” ^ 

an A.H. of 4.1 grains p“ cubictotf" ^hat ha3 

or 

poto? ^ ^ ^ I"" <>ent. What is A.H.? The dew 

18 . Air at 80 *^ has a T? TT 

19. Certain air at 90° has A H of^S 35^m'^3 ^ point ? 

20 . If AH = 2 and EH = sT'i. ^ 

temperature? is C? What is the 

21 . Outdoor air at 40° with E H nfro 

E H of^s? cubic feet J ^ 

E.H. of 80 per cent. This air is cooled to 7ft° 

cent. How much water is condensed? (7,000 ^aiT^ f 

grams = i pound) 
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23. Why is dry air indoors in winter possibly detrimental to 
health? 

24. How can moisture be added to air indoors in winter? 

25. Why do we feel uncomfortable on hot, humid days? 

26. What is air conditioning? What processes are involved? 

27. Which has a lower dew point, moist or dry air? Why? 

28. Why is dew (or frost) more likely to form on clear, calm nights 
than on cloudy, windy nights? 

29. Why do we often see ‘^lakes’’ of fog In low places? 

30. What causes the darkness and persistence of London fogs? 

31. What is dew? Why does it form quickly on grass? 

32. What is frost? Is most frost frozen dew? 

33. Diflferentiate between radiation and advection fogs. 

34. What causes the dense fogs in our Central states in winter? 
On the coast of California? Around Newfoundland? 

35. What is the rate of cooling of rising air currents? 

36. When air descends, what happens to its temperature? Why? 

37. What is the principal cause of abundant precipitation? 

38. What is a cloud? 

39. Clouds and fog differ in what respect? 

40. Precipitation has its origin in clouds as a result of what 
process ? 

41. What are the colors of the solar spectrum as shown by a 
rainbow? 

42. What causes a rainbow? A halo of the moon? The colors of 
sunrise and sunset? 

43. What are the four principal types of clouds ? Describe each. 

44. Which cloud type is the source of a thunderstorm ? 

45. Which is the highest cloud type? The lowest? 

46. Why are stratus clouds a hindrance to aviation, probably 
more than any other type? 

47. What is meant by the cloud prefix alto-? Fracto-? 

48. What is sleet? Glaze? Hail? 

49. Explain the cause of convectional rain. What are some objec¬ 
tions to this type of rain? 

50. Explain the cause of orographic rain. Mention a few exact 
locations where such rain occurs. 

51. What is a rain shadow? Give an example. 

52. What are the ideal conditions that produce heavy orographic 
rain? 

53. Explain the cause of cyclonic precipitation. Why is it usually 
less violent than convectional? 
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54. What precipitation data arc imjKirlitnf ? 

55. What two factors determine llie raiiif;dl rciiimc nf n 

Suggested ArTivnii-H 

1 . Using the wet-and-dry bulb method. toNt relati\r hiiioid!t> »4 

the air every hour of the day, outdoors lutti indoor-., t’l*,! i ?o 

show results. Repeat during the various sejisoiis of I In- y. ar. 

2. Observe a hygrograph, if one is availidih-. It tveord-. r.-htiH v 
humidity on graph paper. Most of them operate for n w.-el. «t a fijn-r-. 
The hygrograph curve shows clearly the eiiiuige in relativ. Inimi.fjt y 
during day and night and the dilToreiice in moisliirc eotd. nf of 

air during rainy spells and dry weather. 

I 3. Determine the dew point of air, indoors and outdo..rx l Ajdain 
the diflPerence, if any. 

4. If possible, visit a weather bureau, and observe t !o* ioM rmueitf-)* 
for measuring and recording rain and snow. Note id-..* the vtm- willi 
which all data are recorded. 

5. If possible, visit an airport. Make inquiry coiieerniug iee foritm - 
tion on airplanes and methods of prevention. 

spectriS“L'te?r^^''^ '«****' 

1 ^Iso m a rainbow, when visible. 

7. Study the operation of a hair hygromidvr, if one is avaihd.K*. 

8. Construct or purchase a rain gauge. Send to I S W Ti .. 

ments. Secure caLo^ies from manuireM 

prices of instruments. 

^ typos and rainfall. 

10. Using climatic data available nlol . i 
fall curves for selected places. ’ ^ J''»»>iidily and 

Note: Other activities may be fontifl t,, ♦! t » 

y e toimd m the laborat..r.v imuoml. 

Topics foh Class Rkpokth 
1 . Air Conditioning 

Methods of Testing Air for Relative Ilunu.lit v 
S. J^ariation m Relative Humidity over th ‘ i , c 
4. Clouds and Their Meaning ^ ^ 

S- Measuring Rain and Snow 

• Me^ods of Determining the Dew Point 
7. Variations in Annnil T>o' ^ o ■ 

during the Past 20 Years Coturnmdf y 

8- Quantity of Eain Neededtor Certain 1 .-, 

9. Erampk, ot OrograpMe R„i„ .. ' 
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10. CoBtrasting Rainfall Distribution over North, and South 

America 
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Chapter V. Storms and Their Weather 

Types 


The coming and going of a big thunderstorm is often » 
fascinating sight. If we were to take note of the storm’s behavior, 
we ^ould find that the sequence of events is about as follows: 

xn -kT humid morning fleecy cirrus clouds axe 

^ible m the s^. The barometer shows a slight, steady drop- 

biZ.? ^ degree of hmmdity, and gradually the heat 

causes er^T^ ^ ^1^^' 1 rising of the warm, moist air 

^ As these 

id SssS cumulo-nimbus and are churnea 

loud dan om^dtr P^^duces a. 

"^wiriSuaT 

lighlriug, fSow^ by 

of eaer^ i, being released in tbe atot^hte'Srf 7°“”* 

great sheets, and for a few minutes TmX CT. 

against the window TTig> A hailstones patter 

W. During^l;J?,t/nr” 

and less frequent. Finally the sW cle^^ tl^urder become less 
storm retreats toward the east A on 7 ik 
from the northwest, and the dron in f begms blowing- 

We look at the barogrLh a^ ^ is noticeable, 

storm has produced fjagged apnearr Passing of the 

traced by this instrument. ^ pressure curve 

monthsVvrrruSif®tS 

«on, curtain 

1 . '^'>-‘''«=‘fo"ou«ents produce cmnnlns clouds. 

102 



STOKMS AND THEIB 'WEATHER TTPEB 


103 


2. Condensation -witliin the storm liberates latent, or stored- 
up, heat, increasing the strength of rising air currents and the 
intensity- of the storm. 

3. The coming and going of the storm cause changes in 
wind direction and air pressure. 

The torrential rain may cause considerable soil wash, but the 
moisture is welcomed by growing crops. It is well to remember 
that storms are the earth’s principal generators of precipitation. 
Without them, the great lowlands of the earth would be far less 
habitable than under existing conditions. 

The present chapter deals with storms. It is concerned mainly 
with (1) the non'violent cyclones and anticyclones of the middle 
latitudes, or intermediate zones; and to a lesser extent with (2) 
thunderstorms; (3) tornadoes; and (4) tropical storms. 

Middle-latitude Cyclones and Anticyclones 

Nature and Location. As we have already said, cyclones 
are characterized by lo-w barometric pressure and commonly 
go by the name of lows. Anticyclones are characterized by high 
pressure and are called highs. The cyclone, therefore, must 
consist largely of a mass of relatively light air, and the anti¬ 
cyclone of heavier air. This difference in weight, or pressure, is 
not noticeable except by watching the changes in a barometer or 
barograph. A low barometer indicates cyclonic; a high barome¬ 
ter, anticyclonic weather. Since these disturbances occur within 
the belt of westerly winds, they are best known in those latitudes 
between parallels 35 and 65 in both Northern and Southern 
hemispheres. Cyclones and anticyclones are not violent atmos¬ 
pheric disturbances as are tornadoes and hurricanes. 

Appearance and Pressure. On the daily weather map, these 
storms are shown by a number of V-shaped or circular isobars 
drawn around a point of low pressure. In the center of the 
cyclone the word low indicates the region of lowest pressure. 
From the center toward the margins the pressure increases. 
In the center of an anticyclone the word high indicates the 
region of loighest pressure. From the center toward the margins, 
the pressure decreases. 

Average barometric pressure at sea level is about 30 inches, 
or 1,015 millibars. The millibar is a term used in the metric 
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system and is applied to a very tiny amount of force. In rotmd 
numbers, ineli on a barometer or barograph is equivalent to 
about 3 millibars. Either inches or millibars may be used in 
tbe isobars on a weather map. The relation of 
millibars to inches is shown by the, folio wing scale: 
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Direction and Rate of Movement. Lows and highs travel in 
general toward the east, carried along by the upper air system 
of westerly winds in which they exist. This is not to say, how¬ 
ever-, that they always travel due east. Certain paths are 
followed more frequently than others (Pig. 60). It is evident that 
in forecasting weather one should obsei-ve storm developments 
to the west and not to the east of a given place. Those storms to 
the east have already gone by; those to the west are approaching. 

Lows and highs sometimes voiry considerably in the speed at 
which they move across the country. Changes in speed and 
direction may account for failure in forecasting. In the United 
States, lows move across the country at an average speed of 20 
miles per hour in summer and 30 miles per hour in winter. 
Highs usually move more slowly than lows. In summer, the 
intensity of highs and lows is greatly reduced. As a consequence, 
warm-season weather is less changeable, and atmospheric dis¬ 
turbances are less violent. In winter, a well-developed low 
usually crosses the United States in 3 to 5 days. 

Wind Systems in Cyclones and Anticyclones 

Wind System in Cyclones. Air flows from high to low 
pressure. Since the lowest pressure is in the center of a cyclone, 
it is evident that winds will blow toward that center. As air 
masses of contrasting origins, temperature, and humidity move 
toward the center of a low, the warmer and more humid air is 
lifted, sliding upward over cooler or drier air. This lifting of 
humid air usually results in the formation of clouds from which 
rain or snow may fall. 

Surface winds blow in a general way toward the center of a 
low. On the cast side, or front, of the storm, the winds blow 
mainly from easterly points. On the west side, or rear, of the 
.st.orm the wind directions are westerly. Southeast and south 
winds priwail in the southeast quadrant (Pig. 01). These winds 
in central or tiastc-ru United States are likely to be mild and 
humid, since they may come from the Gulf of Mexico or the 
Atlantic 0(;ean. They are thus valuable importers of much 
ueedial moisture. Northwest wind prevails in the northwest 
quadrunl, of the storm. This wind often comes from western or 
central (huiada and is cooler and drier than the southeast and 
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soutk winds. In winter, the northerly winds often are bitterly 
cold. The cyclone, then, is a meeting place of contrasting a.ir 
masses. Thus a mild, humid air mass arrives from wamne'r 
latitudes on the front and equatorward sides of the storm. A. 
colder, drier, and heavier air mass arrives from higher latitude® 
on the rear and poleward sides. 



the Tind. soutrJ^rsouth^t*^^*DrL°“l Arrows fly with 

northwest winds in the northwest quadra and “ *!i! quadrant, north- 

qciidnint. The advancing cold front, which ^nses a winds in the northeast 

*»wn in the southeast quadrant. It is aW the south to northwest 

^^nd »n=eUnoes severe thunderstormslriS^^o ocet^. 

Wind Shift with the Passiuir of « , 

«>.ler of a .^-clone fa J 

^neral easterly winds As tb. . . he will experience 

finds himseB il the t.fsit the observer- 

note mamly northwest or wwf cyclone, he will 

therefore, often indicate the approth of 
ii«ompan^.mg clouds and rain ^ ^ 

often foreteh the retreat of the sto^ 

the coming of clearing weather^ toward the east 

in from a westerly direction. * iwticyclone moves 

E-lweiail,V fa this true 4h2 faS, ™.‘* «t fa very abrupt 
• i«.' I.. tsKe tie form of a letter V poSL f ^ storm center 

' I-'S. es). la aueh a low °r 

■'■■'g'tlar line extending 
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Ftg. 62 , —Daily we^ath'er map. 
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usually from the center toward the south-west i.s called the iritil. 
,'ihift line. Along this line, the wind is in tlio i>roe(‘.s.s of .silifting 
from southerly to northerly points. The vvind-.shifl, line i> a!s» 
ImouTi as the surface cold front, since it marks the i’nuif edge ef 
the cool or cold polar-air mass which is advancing lowani flic 
south and east. This cold-air mass, being relatively thnivr, 
undermines and forces upward the warmer and nion' fiiinild air 
r:ia.s.se.s that it encounters. Along the wind-shift line of surh a 
cyclone, therefore, violent atmospheric disturbance's nnu' occur. 
Ihe^e often include a sharp drop in temperatun^ as tl'ic v iud 
rah, or soi^theast to northwest, uccoiupanic<l by 

and, in warm seasons, thunderstorms. 
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rt-acth.r, f* masses of air of differ,.,,* j . ^ -reaction 

, / ion often results in weather + ^^*isity values Tti)« 
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weather m^^ps, and their rates and direction of moveinent can Tbe 
forecast more certainly than some other weather types. 

Wind System of an Anticyclone. Surface winds blow out 
from the center of an anticyclone, or high (Fig. 6S). Cooler, 
heavier air evidently settles to the earth at the center. To the 
east of the center, therefore, winds blow in general from westerly 
directions. To the west of the center they blow from easterly 
directions. The center of an anticyclone often brings relatively 
calm and fair weather. 

Cyclones and anticyclones follow one another in a sort of 
parade across the United States, resulting in many and varied 
changes in weather. The northwest wind to the south and east of 
a high that is centered in western Canada may bring a severe 
cold wave or blizzard to central and eastern United States. At 
such times the cold polar-air mass may move as far south as the 
Gulf states, causing considerable suffering among people and 
livestock. 

Precipitation in Cyclones and Anticyclones. In general, 
cyclones bring unsettled weather with rain or snow, and anti¬ 
cyclones bring fair or partly cloudy weather. Precipitation is 
more likely to occur in the cyclone, because it is a region where 
unlike air masses comes together. The warmer and more humid 
air masses are lifted by the colder and denser ones so that cooling 
and condensation of water vapor are likely to result. Not every 
cyclone is accompanied by precipitation, because (1) absolute 
humidity of the air may be too low and (2) there may not he 
sufficient lifting of the air to cause it to reach the condensation 
level. In the anticyclone, air at the center is slowly settling from 
higher altitudes. As it settles, it becomes warmer, its capacity 
for moisture increases, and little precipitation results. 

Precipitation over the lowlands of the United States in the 
cool months is lai'gely cyclonic in origin. In the snmmer months 
the heat increases the strength of rising air currents, and con- 
vectional rainfall results. Thunderstorms bring heavy ^‘^dash’’ 
rains of short duration. Cyclonic rainfall, on the other hand, 
tends to be light and steady, lasting for hours, sometimes days, 
and often covering considerable areas. This is due to the slow 
lifting of warm, humid air masses by underrunning cooler air 
(Fig. 57). Such lifting is much less rapid than that caused by 
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strong convection currents in thunderstorms. The steady cy¬ 
clonic rain is beneficial in that much of it seeps into the ground. 
On the other hand, a considerable part of thunderstorm down- 



5 iq. 65 .—A winter anticyclone advancing southeastward as a mass of Cold Polar 
^ Continental air. 



Fig. 66,—A relatively stagnant anticyclone over southeastern United States producing 
unseasonably warm weather over the central and eastern parts of the country. 

pour disappears by rapid surface runoff. Especially in freshly 
plowed fields, this causes disastrous soil erosion. 

Temperatures in Anticyclones. In winter a well-developed 
high advances toward the east and southeast. It is a mass of 
Polar Continental air from northern and western Canada. Its 
temperature is so low that it brings a cold wave to central and 
eastern United States (Figs. 64 and 65). In such highs the 
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temperature ranges from zero to 20° or 30° below. If accom- 
pamed by high winds and snow, a bbzzard is the result I'or 
jample, tlie_ weather map in Fig. 64 shows a high over title 
Northern Flams states. The cold weather produced at this time 
resulted m temperature readings well below the normal In 
summer a similar high brings a few days of relatively oool 
dehghtful weather. It is relatively easy to forecast. 

stater^nd"^?^ ^ summer a high develops over the Southeim 

rrt fifiT A Canadian border 

ist‘Xds^tW dry south and south- 

east wm<h that blow for several days from the high to the low. 

f called drougAL At 

tmmSL F T “d growing crops is 

tremendous. Fastures dry up, and com “fires,” meaning that 

the lower portions of the coro 
0 E plant turn to a yellowish-brown 
color. 

> 

^ Temperatures in Cyclone s. 

Severe contrasts in temperature 
. often occur within a cyclone area. 

In the southeast quadrant of a 
low the temperature is usually 
ml"% arrange- ™^cly high as the result of 

”»In 

!“”■ '™l hJI I* 1*'® “"ttwest quadrant. Wer 
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some^0s\?™.“t'Sr-4'” w“ *°P “ 

quadrant is usually humid Tn ' southeast 

muggy weather.” In the nortt it produces “sticky, 

winds often prevail, temperature^ ^"^drant, where northeast 

-utheast duadrant. CSr“heTr 

hy the advancihg cold front hiay cails'^raL 

y ause ram to change to snotw.. 
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Sometimes in the colder months the cloud cover that accom¬ 
panies a low often results in temperatures above normal. This 
is because the clouds prevent rapid radiation of heat from the 
earth at night. A similar cloud cover in summer may produce 
temperatures below normal, because the clouds tend to weaken 
incoming solar radiation. 

As a low approaches from the west, the warmer, lighter air 
mass in the southeast quadrant causes the barometer to fall 
steadily. When the storm center has passed, the cooler or colder 
denser air mass (northwest or west winds) in the west quadrants 
causes the barometer to rise (Pig. 68). 



f2P.M. 

in no " 


Pressure"' ^ 
^emperaH^e / 

- — 

— Arr/vd/ of co/of rronf 
w/fh wine/ sh/ff from 

S.ffo N.W. 


^ ^ 1 

A pprooich ofs form j 

Ref root f of sform 


Fig. 68. —Behavior of temperature and pressure during the approach and retreat 
of a low. As the storm approaches from the west, temperature rises and pressure falls- 
The arrival of the cold front causes a sharp drop in temperature and a rise in pressure. 
The temperature curve is made by a thermograph, or self-recording thermometer. The 
pressure curve is made by a barograph, or self-recording barometer (see Appendix C). 

4 < 

Paths of Cyclonic Storms. Although cyclones do not follow 
definite tracks around the world, certain paths are frequented 
more than others. In North America more lows move eastward 
along the Alberta and North Pacific tracks than along any other 
two paths (Fig. 69). In the cool seasons lows follow paths farther 
south, e.g., the South Pacific. Storms that follow this path 
sometimes bring prolonged rains or heavy snows. Other paths, 
frequented especially in winter, extend from Texas and Florida 
northward along the Atlantic Coast. 

In Europe, lows follow mainly a path across the British Isles 
and northern Germany. In winter they sometimes travel farther 
south, crossing Mediterranean countries. 

In the Southern Hemisphere, lows are energetic throughout the 
year. They travel eastward, following paths located for the most 
part between the parallels 40°S. and 60°S. The Cape Horn region 
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of South America, extending as it does to nearly latitude 55 '°S., 
is a stormy area at all times of the year. 



Weather Foreceisting 
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Certain rules and types of weather maps should be mentioned 
with reference to weather forecasting. 

1. In general, weather travels eastward. 

2. Lows tend to follow certain paths at certain seasons of the 
year. 

S. A low usually crosses the United States in 3 to 5 days. 

4. The approach of a low from the west usually foretells 
unsettled weather; a high, fair or partly cloudy and cooler or 
colder weather. 

5. Lows that follow paths across southern United States in 
winter are usually more intense and energetic than those which 
travel east along the Canadian border. 

6. As a storm center passes, the temperature will drop, the 
amount of drop being determined largely by the contrast in 
temperature between the low and the high that lies to the west 
or northwest. 

7. Highs tend to travel from western Canada and the Pacific 
Coast toward the Central Atlantic states; lows move toward 
New England. 

8. In general, lows travel faster than highs. 

9. A high over Montana, the Dakotas, and western Canada 
with temperatures 20"^ to 40® below zero may advance toward 
the southeast, causing a severe ‘‘cold wave’’ to reach sometimes 
as far south as the Gulf states. Along the advancing cold front 
of such a high, blizzards may be experienced. 

10. A high-pressure area over Nevada, Utah, and Idaho, 
called a Great Basin high, may remain stationary for several 
days, causing fair weather and westerly winds to prevail over 
most of the states between the Hocky Mountains and the Missis¬ 
sippi River. Such highs bring moderately cold weather. 

11. In summer, a stationary low in central North America, 
with a high over the Southeastern states may cause a hot 
wave and drought over much of central and eastern United 
States. 

12. A northeast or east wind, a falling barometer, and a 
temperature near freezing are good indications of an approaching 
snowstorm. 

13. The change in temperature is usually greater when the 
storm center passes north of the observer. 
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14. In the United States, storms tend to increase in intensify 
east of the Mississippi River. 

15. During the cool months, a high over Minnesota and tlie 
Lake Superior region, together with a low in the Southwestern 
states, often causes cloudy weather with rain or snow over tbe 
Central states west of the Mississippi River. 

16. The southwest quadrant of a high often tends to be a. 
region of stratus clouds and light, drizzle rains. 

4 . 1 . atmospheric disturbances often develop alon^ 

the cold front, or wind-shift line. . 

f Tf ^ barom¬ 

eter, mdicate foul weather; winds shifting to points west indicate 
Clearing and fair weather. < , 

eastward across the United 
so tlat ‘i"“ observer, 

^difaZf, ^ southeast, south, southwest, 
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nor^!!!e^^rV finally 
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dau;" ath" States 
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or northwest, J “^^1^™ “ 'tom the west 
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are interested especially in (1) tlie origin of a given air mass, (3) 
its characteristics, (3) its rate and direction of movement, and 
(4) the type of weather that is likely to result where two con¬ 
trasting air masses come together. The movements of air masses 
and their effects upon v/eather have been observed for many 
years. 



Fig. 70.—a large balloon that carries a radio-meteorograph into the upper atmos¬ 
phere, This instrument broadcasts temperature, pressure, and humidity. The signals 
are received by the special radio set shown on the little bench. (^Courtesy of Trans¬ 
continental and Western Air, I no.) 

Today^ liowever, additional data are secured from self- 
recording instruments carried aloft by airplanes and balloons. 
These data make possible a more accurate analysis of the air 
mass. Considerable attention is being given to the development 
of the mdio-metearograph (Fig. 70) . This is an instrument which 
automatically broadcasts by radio upper air data (temperature, 
pressure, humidity) when it is carried upward by a balloon. The 
term radiosonde is applied to such data. 
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Wind velocity and direction aloft are ascertained by releasing 
pdot balloons. These are rubber and about 2 feet in diameter, 
Med with hydrogen. They are released several times a dav? and 
their movements are observed through a telescopic instrument 
ailed a theodoUe (Fig. 71). The balloon rises a certain number of 
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and the direction of winds aloft. These are called isentro'pic charts. 
The upper-air data also are plotted on special graph paper. This 
helps the meteorologist in his analysis of air masses and in deter¬ 
mining weather changes that may take place within the next day 
or so. These studies are a step forward in the development of 
weather science and are contributing to greater accuracy in 
forecasting. 



Fig. —Source regions of air masses common to North America. (^After Transconti¬ 
nental and Western Air^ Inc.) 


Figure 73 shows the source regions of air masses common to 
North America. The Polar Pacific (Pp) air mass originates in the 
arctic or subarctic. As it moves over the North Pacific Ocean its 
moisture content and temperature, at least in the lower layers, 
are increased somewhat. This air mass along the Pacific Coast 
often is associated with cloudy weather, with numerous showers, 
especially in the cool months. After crossing the western moun¬ 
tains its moisture content is much lower. East of the Rockies 
it tends to produce fair weather with moderate temperatures. 

Polar Atlantic (Pa) air masses are less important over North 
America than the Polar Pacifie. This is because the prevailing 
air movement over the continent is from west to cast. Along tlu’: 
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Atlantic Coast, from the Carolinas north. Polar Atlantic air may 
weather, especially in late spring and early 

ThePoZar Continmtal (Pc) air mass moves south over western 
au7theDakot!s%l^®-^“^^*^-^^^*^® through Montana 

toidity. As it moves southward it brings cool 
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Fig. 74. —^Principal air-line routes of the United States. {Courtesy of U,S, Department of Commerce.) 
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humid. As it moves northward, it is the source o£ much moisture 
that falls over central and eastern United States. In the warm 
months. Tropical Gulf air often causes periods of hot, sultry, 
oppressive weather. When this air mass advances, its northern 
and eastern edges may form a warm front. It is the warm front 
that in winter often causes a sharp increase in temperature from 
zero to 30 ® or 40 ° above. 
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are being modified or neutralized as it passes over the continent 
(Fig. 73). 

Importance of Weather Information to Aviation. The value 
ot accurate and detailed weather information in the field of 
aviation cannot be overestimated. Today there are many 
gather observers along the more heavily traveled air routes 
(rig. 74). Thus when local weather conditions suddenly become 
unfavorable for safe flying, the information is teletyped quickly 
to the larger airports. There, by means of radio, the informa¬ 



tion is broadcast to pilots in the air. All airplanes that carry 
passengers for hire are required by law to be equipped with 
two-way radio. Pilots can receive and broadcast weather infor¬ 
mation while in the air. All these precautions, aided by improved 
weather service, make for greater safety in aviation (Fig. 75). 

Tropical Cyclones of the Hurricane and Typhoon Variety 

What They^Are and Where They Occur. Hurricanes and 
typhoons are violent tropical storms and are similar except for 
location. They occur in late summer and early autumn. The 
hurncane originates in the vicinity of the West Indies, travels 
towaid Florida or other Gulf states, and then curves toward 
the north and northeast (Fig. 76). The typhoon occurs in similar 
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latitudes ofi the east coast of Asia, traveling across the PhiUp- 
pines toward the coast of China and then turning northward to 
southern Japan. These tropical storms are much larger than the 
tornado. Wind velocities usually reach 75 miles per hour or 
more. Tlie high winds drive great waves of water into coastal 
settlements. In the center of the storm the barometer has been 
known to drop more than 3 inches below normal. Excessive 
rainfall may cause floods. In the hurricane of September 18, 
1926, which devastated Miami, Ela., at least 114 lives were lost 
in the Mi-ami district, and damage to buildings was estimated 
at nearly 75 million dollars. 

• These destructive tropical storms appear to occur over the 
warmer parts of most of the oceans. In addition to the localities 
mentioned above, the following regions may be noted: (1) the 
Arabian Sea and the Bay of Bengal, on either side of peninsular^ 
India; (2) the South Indian Ocean east of Madagascar; and (3) 
the tropical waters to both the northeast and the northwest of 
Australia. 


Thunderstorms 

What They Are and Where They Occur." A description of 
the approach and retreat of a thunderstorm is given at the 
beginning of this chapter. Thunderstorms are characterized by 
strong upward currents of moist air and the formation of huge 
cumulo-nimbus clouds. Gusty winds, lightning, thunder, “dash’* 
rain, and sometimes hail accompany these storms. Such an 
atmospheric disturbance usually is associated with high temper¬ 
atures at the earth’s surface and moist air. Consequently, 
thunderstorms are most prevalent (1) in certain tropical regions, 
(2) in the warm season of the intermediate zones, and (3) at the 
warmer hours of the day. The heavy rain of short duration is » 
direct result of rapid condensation of water vapor caused by the 
strong vertical convection currents within the storm. 

■ Types of Thunderstorms. Two types of thunderstorms are 
usually recognized: 

1. Local heed thunderstorms may occur without warning, 
owing to local convection (Eig. 77). Rising air currents cause the 
formation of towering cumulus clouds. These grow to cumulo¬ 
nimbus which may give rise to a thundershower. In central and. 
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eastern United States literally hundreds of these scattered 
ttundershowers may occur on a hot summer day. They are of 
great economic significance, because they produce much needed 
rain during the growing season. 



Fig. 77. —Stracture of a local thunderstorm. In the United States such storms usually 
move in a general direction from west to east. {.Courtesy of A. K. Lobeck.) 



Fig. 78. —Average annual number of days with thunderstorms. {After Alexander^ 


2. Cold-front thunderstorms often are more extensive and 
more severe than the local heat variety. They occur along the 
wind-shift lines of well-developed lows during the warm months. 
As previously explained, the wind-shift line marks the abrupt 
meeting place of warm- and cold-air masses. The warm-air mass. 
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which in central and eastern United States often comes from the 
Gulf of Mexico, may carry much, water vapor. As it is suddenly 
uplifted by the advancing, underrunning cold front of the polar 
air mass, dark cumulo-nimbus clouds may form. The resulting 
thunderstorm may be extremely violent, accompanied by heavy 
rain, lightning, strong winds, and sometimes hail. Such storms 
may occur at any time of day or night. Because of the dangers 
involved, these disturbances are avoided by aviators whenever 
possible. Such a storm usually is followed by cool, clear weatlnu'- 
High temperatures and stagnant, humid air in the doldrums 
furnish ideal conditions for thunderstorm formation. Thunder is 



Fig. 79.—Unusually large hailstones. (^Courtesy of S. D. Flora.) 


heard in some doldrum regions 75 to 150 days per year. Deserts 
in the tropics, however, may have fewer than 5 days with 
thunder, because of low humidity. In the United States the 
Gulf states rank highest, and the Pacific Coast lowest, in the 
number of thunderstorms (Fig. 78). In the middle latitudes such 
storms are more numerous over land than over sea. 

Characteristics of Thunderstorms. Hail, the most destruc¬ 
tive form of precipitation (see page 9£), sometimes aceonipanic.s 
thunderstorms. When convection is most violent, and air cur¬ 
rents are ascending at the rate of 25 to 30 miles per hour, ra,iu- 
drops are carried up into regions of extreme cold. They mix with 
snow and form cloudy globules of ice. Moving downward, thi.s 
ice is covered with a layer of water and is then shot upward 
again, and the film of water freezes. This process may continm^ 
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until the hailstone, formed of concentric layers of clear ice and 
snow, like the layers of an onion, reaches considerable size 
C ip 79). When the upward-moving air currents weaken, the 
ailstones fall to earth. They make dents in automobiles and 
shatter the glass of greenhouses. Destructive hailstorms often 
o tremendous damage to growing crops. Many farmers carry 
insurance to cover such damage. 

Lightning is a huge electric spark, caused by the discharge 
of electricity between clouds or between a cloud and the earth. 



Fig. 80.— Three stages in a tornado tliat occurred near Gothenburg, Neb., in 1930. 
In tlic picture at the left, the tornado’s cone is seen as it formed in the clouds; in the 
center, the fully developed cone as it reached the earth. At the right, the cone strikes 
a farmhouse, which appears to explode. (Courtesy of U.S. Weather Bureau.) 

Perhaps you have amused yourself at one time or another by 
dragging your feet on a rug and then touching someone on the 
eai. Ihe tmy electric spark that you saw between your finger 
and the ear was lightning. The faint popping sound was thunder. 

Clouds are charged with electricity. The water particles in 
one cloud may carry a positive charge of electricity, whereas 
those in another may carry a negative charge. One part of a 
single cloud may be charged positively; another part, negatively. 
The electrical discharge caused by these opposite charges usually 
appears as lightning. Sometimes the electrical discharge takes 
place between a low cloud and the earth. However, most light¬ 
ning occurs between clouds. Probably not more than 1 per cent 
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of the Kghtning flashes go to the earth. In the United States 700 
to 800 persons lose their lives each year as a result of lightning, 
and double as many are injured. Fire losses due to lightning 
amount to over 1£ million dollars annually. 

Thunder is produced by the violent expansion of the air 
caused by the tremendous heat of Kghtning. Light waves travel 
about 187,000 miles per second; sound waves, about 1,000 feet 
per second. Thus the sound of thunder is heard after the flash 
of lightning is seen. By counting the seconds between the time 
the flash is seen and the time the thunder is heard, it is possible 
to estimate the distance between the observer and the lightning. 
Sometimes a lightning flash may occur behind a cloud so that 
the entire cloud is illuminated. This is referred to as sheet 
lightning. 

Tornadoes 

What They Axe and Where They Occur. Tornadoes are the 
most violent and destructive of all storms, but they are rare and 
do damage over small areas. They are closely associated with 
thunderstorms of the cold-front variety in V-shaped lows. The 
approach of a tornado is usually heralded by dark and greenish 
masses of cumulo-nimbus clouds in wild turmoil, from which 
descends the funnel-shaped tornado cloud (Fig. 80). Upper-air 
currents carry the storm in a general northeasterly direction. 
The rate of travel averages 25 to 40 miles per hour. Tornadoes 
occur chiefly in spring and early summer. Destruction of prop¬ 
erty and life is due mainly to high wind velocities of 100 to 500 
miles per hour. Vertical air currents within the tornado are 
thought to reach velocities ranging from 100 to 200 miles per 
hour. These storms are typically American. In the United States 
they are most frequent over the Central and Southeastern states 
east of the Eocky Mountains. Tornadoes at sea often are called 
water spouts. 

Summary 

In this chapter we have learned that storms are of tremen¬ 
dous importance because they are the earth’s principal gener¬ 
ators of precipitation. Thunderstorms are most numerous in the 
doldrum belt. Cyclones, or lows, and anticyclones, or highs, 
travel from west to east m the two belts of westerly winds. A 
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joiowledge of storms and of the moYements of air masses about 
lows and highs is of great importance to the weather forecaster, 
lomadoes, hurricanes, and typhoons are extremely energetic 

Jorms which often cause much loss of life and do enormous 
* damage to property. 

Having considered air temperature, pressure^ wind belts, 
umidity, precipitation, and storms, we are ready now to study 
climate, by whi^ we mean the generalized weather conditions 
over the earth. There are a number of distinct types of climate 
to be found on the various continents. The next two chapters 
deal mainly with descriptions of these cHmatic types. 

Questions 

eardi?^^ storms of special importance over the lowlands of the 
2. What is a cyclone? An anticyclone? 

S. On a weather map, how is a cyclone shown? An anticyclone? 

4. How does pressure change from the center to the edge of a 
cyclone ? An anticyclone ? 

5. How should you reduce to sea level the barometer reading at a 
place having an elevation of 1,800 feet? Of 5,850 feet? 

6. How do summer cyclones differ from winter cyclones? 

7. Why do lows travel in a general easterly direction ? 

8. What is the speed of lows in summer? In winter? 

9. What is the wind direction in the front, or east quadrants, of a 
low? In the rear, or west quadrants? 

10. Why are easterly winds an indication of unsettled weather? 

11. Why is the wind-shift line also called the cold front? 

. 12. Why is warm, humid air often forced upward along the surface 

cold front? 

13. Along the wind-shift line of a V-shaped low, what atmospheric 
disturbances may be experienced? 

14. Discuss the wind system of an anticyclone, or high. 

15. Why do some lows fail to bring precipitation? 

16. Why is there generally Uttle precipitation at the center of 
a high? 

17. Contrast the nature of cyclonic and thunderstorm rainfall. 

18. Describe cyclonic weather, especially in the cool months. 

19. Why do violent thunderstorms sometimes occur along the cold 
front? Mention several reasons why aviators avoid severe thunder¬ 
storms. 
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£0. What causes a cold wave? A Hlizzard? 

21. What causes a hot wave? What is its eflfeet on evaporation? 

22. Contrast temperature conditions in the soutlu^ast an<i iHolh •' 
west quadrants of a low. What temperature change lak(.\s pla(‘<‘ as 
storm passes? Why? . 

28. In which quadrant of a low is humid, ‘‘sticky"’ weailier inont 
noticeable? 

24. Why does a barometer fall as a storm approaches? \¥Iiy <hH*H it 
rise as the storm retreats? 

25. Name and locate the two tracks along which most lows triiv<d 
across North America. 

26. Write five weather-forecasting rules that, in yotir opiriioin are 
most important. 

27. If wind direction is east and the barometer is falling, from wluii 
direction is the storm probably approaching? 

28. Explain veering and backing of the wind. 

29. What would be the forecast if the barometer was 20.75 incht^H 
and falling, and the wind northeast? If the barometer was 3D.2(> indw^rt 
and steady, and the wind west? 

30. In the study of air masses, what four things are of spec*!ill 
interest ? 

31. What is a radio-meteorograph? An iscnttopic <lia.rt.? 

32. How are wind velocity and direction aloft ascxTtaiiied ? 

33. What is meant by the cloud ceiling? 

34. Why is a low cloud ceiling a hindrance to aviation ? 

35. State two or three facts about each of the following air rn«sHe?i; 
Polar Pacific, Polar Continental, Tropical Gulf- 

36. What does the letter N indicate when it precedes the syinl>ol 
an air mass? 

37. Why is a two-way radio of considerable value on boani :in 
airplane? 

88. If a well-developed low was in your path, should you fly iiorl li 
or south of the center? Why? 

89. Where and when do hnrrlcanes occur? Typhoons? Ihn\ «io 
these storms differ from tornadoes? 

40. What are the characteristics of a thunderstorm? 

41. Name the two types of thunderstorm. Briefly <les<‘rib(^ 

42. Why are thunderstorms numerous in the dohlrunis? 

43. Where in the United States are thunderstorms most conuinnii ? 
Why? Where uncommon? Why? 

44. Explain how hail is formed. 

45. What is lightning? Explain the cause of lightning. 
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46. What causes thunder? How can you estimate the distance to a 
lightning flash? 

47. Describe the tornado cloud. What is the wind velocity in a 
tornado? 

48. Where and when do tornadoes occur? Toward what direction 
do they usually travel? 


Suggested Activities 

1. Keep a daily weather record. Using a barometer of some kind 
and a wind vane, make daily forecasts of the weather. Score your 
forecasts as correct, fartly correct, or wrong. If possible, secure the daily 
weather map from the nearest weather bureau. Make good use of the 
map to increase the accuracy of your forecasts. 

2. Draw a weather map on an outline wall map^of the United 
States. Discuss the forecast for various parts of the country. 

3. Secure several copies of the Monthly Weather Review, published 
by the U.S. Weather Bureau, Washington, D.C., and for sale by the 
Superintendent of Documents. These will give you an idea of the 
amount of detailed work done by the Weather Bureau. 

4. If it is possible to secure the daily weather maps, keep them 
posted so that the movements of lows and highs can be observed for 
several days at a time. 

5. Study cloud types. They often aid in weather forecasting. 

6. Visit a weather bureau or airport, and observe the method of 
drawing the weather map. 

7. Study a map showing air lines. Make inquiry as to the number of 
weather men employed by the various air-transport companies. 

If daily weather maps are published in your local newspaper, 
cut them out, and paste them in a notebook. Paste the oflficial forecast 
below each map. 

Note: Other activities may be found in the laboratory manual. 

Topics for Class Reports 
/1. Radio-meteorographs 

2. Recent Developments in Air-mass Analysis 

8. Distribution of Tornadoes in the United States 

4. Hurricanes and Typhoons 

5. Weather Serviee of Transcontinental Air Lines 

6. Additional Rules for Forecasting Weather 

7. The Value of Weather Forecasting 

8. The U.S. Weather Bureau 

9. Weather Forecasting on the Pacific Coast 
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Chapter VI. Climates of the Tropics 
and the Dry Middle Latitudes 


Sometimes we hear interesting conversations on the subject 
of climate. Especially is this true when people from widely 
separated parts of the country get together. The northern Min¬ 
nesotan can be heard telling about cool summers and cold, in¬ 
vigorating winters, with plenty of snow and ice for winter sports. 
The Floridian describes his climate as always warm and moist 
and points to the fact that thousands of tourists spend a part of 
the winter in Florida in order to avoid the cold of more northerly 
regions. The southern Californian tells of warm, dry summer 
days and cool nights and of a winter that really is not winter 
but instead is a moderately cool season, with snow almost 
unknown. 

The variety of climates over the earth is indeed great. Some, 
like the tropical deserts, are hot and dry the year round; others, 
like the coast of southern Alaska, are cool and moist. Some, like 
much of the United States, have distinct changes of seasons; 
others, like the equatorial lowlands, have little change during 
the year. One type of climate may be favorable for the produc¬ 
tion of bananas; another, for citrus fruits; another, for cereals; 
and still another, for magnificent forests. Some climates are so 
severe that people avoid them. Witness, for example, the sparse 
population of the intensely hot, dry Sahara Desert in northern 
Africa and of the arctic shores of northern Russia which are 
bitterly cold much of the year. • 

Climate, therefore, is a most important element of environ¬ 
ment. It has much to do with peoples’ daily work habits and 
with the occupations that they follow. 

What about Your Local Climate? Before beginning a study 
of the principal types of climate that are to be foimd on the 
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earth’s surface, you should fix in mind certain facts about your 
local climate. This knowledge will help you to compare climates 
in other parts of the world with your own. Such comparisons 
enable us to understand better the environmental conditions in 
other localities. ~ 

The two most important elements of climate are tem'pem- 
ture and rainfall. What are-the temperature and rainfall charac¬ 
teristics of your own local climate? Using data from the nearest 
weather bureau, learn the answers to the following questions; 

1. Which month is the warmest? Coldest? 

2. What is the average temperature of the warmest month? 

Of the coldest month ? > 

3. What is the annual range of temperature? The daily range 
of temperature? 

4. What is the highest temperature recorded during the 
year? The lowest? 

5. What is the average annual rainfall? 

6. Which season has the most rain? Which month? Which 
month has least rain ? 

With these facts in mind for the purpose of comparison, we 
may give our attention now to the various types of climate on 
the earth. 

Climatic Regions. It is possible to divide the continents into 
regions, called climatic regions, each of which has a certain type 
of climate (Fig. 81). The location of these regions is made pos¬ 
sible by the numerous records of temperature and rainfall that 
have been kept for many years in many places. (For examples of 
such records, see Appendix B.) It is important that the informa¬ 
tion on the seasons given in Appendix A be kept in mind during 
the study of world climatic regions. Our survey of these regions 
begins with the tropical climates of the lo.w latitudes (equator 
to 20° or 30°). 


Tropical Rainy Climates 

General Considerations. The humid tropics form a some¬ 
what interrupted and irregular “belt” 20° to 40° widfe around 
the earth and straddling the equator. This region differs from all 
other humid regions of the earth by reason of the fact that it is 
constantly warm; in other words, it lacks a winter. Within this 
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climatic group, even the coolest month has an average tempera, 
tureof 64° or more. 

Aimual rai^alh J pj.gj.ipitation is of the convec- 

ceeds 100 mches. M _ heavy showers often being 

iSby sw^tunda ffidligtomg. Especially In the 
„„Bpamedby s tends In increase 

wet, tropical lowl ’ ^ jg j^ainly convectional in 

human <iiscomfort. fler, the season of high 

SCtiSK- “* "■ 

W^ity ot Mshl, both direct and^ 

« ^ fa Ae low latitudes are dlstressmg to the eyes The 
h^smlight is also dangerous. To etpose the uncovered head 
^ rays of the tropical sim is to invite illness _ 

tte^ pAcipal cUmatic types within the huimd tropics 
diSrSom «^h other mainly in the seasonal distribution of pro- 

“‘’tT^S/orral, having ample rainfall throughout the 

S»r«»i», having distinct wet and dry seasons. 

Tropical Rainforest Climate 
C haracteristics. Hot, humid weather, luxuriant vegeta- 
tion buzzing insects, the chattering of numerous monkeys 
these brief expressions enable us to picture the tropical ram- 
forest. Here, in places, are to be found great jungles, where trees, 
vines and dense undergrowth form a vegetation cover chnu.ult 
to penetrate. Much of the tropical rainforest, howevi-r, i-s not 

true jungle. , . . i 

The two most distinguishing characteristics of Iropieal ram- 

forest climate are 

1. Uniformly high temperature 

2. Heavy precipitation distributed throughout, llie year, so 

that there is no marked dry season (Fig. 82). 

Location. For the most part, this clhiiale is fuun<l ast ride 
the equator and extending out 5° to 10° ou either side. < )u the 



CLIMATES OF THE TROPICS 137 

eastern sides of continents, however, where trade winds come 
from warm oceans, this climatic type may be found 15° or even 
25° from the equator. In general tropical rainforest climate 
coincides reasonably well with the equatorial belt of calms and 
variable winds, or the doldrums. The principal regions having 
this type of climate are (1) the Amazon Basin, (2) the Congo 
Basin, (3) the East Indies and 
Malay Peninsula, and (4) 

Panama and the eastern low- ' 
lands of Central America. i 

Temperature. Lying as it | 
commonly does on each side of i 
the equator, and consequently in 
the belt of greatest insolation, it 
is to be expected that tempera- i 
tures in the tropical rainforest 
climate will be uniformly hi gh 
(Fig. 83). Annual average tern- | 
perature usually falls between 77° 
and 80°. There is little seasonal 
, variation in temperature, because 
(1) the altitude of the sxm is high 
throughout the year and (2) 
there is little difference in the 
length of day and night from one 
part of the year to another. 

The annual range of temperature, or difference between the 
averages of the warmest and coolest months, is usually less than 
5°. Thus the aimual range at Par4 Brazil, is 3°; Equatorville, 
central Africa, 2°; and Singapore in southern Malaya, 3.2°. 
Over oceans in these latitudes the range is still less. A remarkable 
example is shown by Jaluit in the Marshall Islands, which has a 
range of only 0.8°. It is evident that an outstanding character¬ 
istic of this type of climate is the uniformity and monotony of 
continuous hot weather. 

The daily, or diurnal, range of temperature, or the difference 
between the warmest and coolest hours of the day, is usually 10° 
to 25°, or several times greater than the annual range (Fig. 83). 
During the afternoon the thermometer commonly rises to 
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Fig, 82.—Average monthly tem¬ 
perature and precipitation for a repre¬ 
sentative tropical rainforest station. 
Monthly temperatures are much more 
uniform than monthly precipitation. 
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temperatures varying from 85° to 93° and at night sinks to 70* 
or 75°. The highest temperature of the day seldom exceeds 96°, 
whereas in many midwestern cities of the United States it may 
reach 105° or more in the summer months. Sensible temperatures 
are excessively high in the tropical rainforest as the result o£ 
high humidity. The weather is sultry and oppressive. 

Precipitation. Eainfall is both heavy and well distributed 
throughout the year, there being no dry season. It is estimated 
that the average annual rainfall throughout much of the doldrum 
belt is in the neighborhood of 100 inches. In this region close to 
the equator, conditions are ideal for rain formation. The trades 
from northeast and southeast rise above the earth’s surface as 
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PiQ. 83.— Daily maxmum and mimnium temperatures for the extreme months at a 
representative tropical rainforest station. The thinner line is July. 

they near the equator, leaving a belt of variable winds and calm's 
between them. In this belt of hot, stagnant, moist air, weak 
tropical cyclones are developed. Local convection produces 
towering cmnulo-nimbus clouds and heavy thundershowers. 
Mornings are often relatively clear; but as the heat of day 
mCTeases, cumulus clouds begin to appear. On an average, about 
2^ days per week have thunderstorms, and several in a single 
afternoon are not unusual. It is true that there is no genuinely 
^ season m tropical rainforest cKmate, yet it should not be 
X erred that the rainfall is evenly distributed throughout the 
year. Lertam seasons are less wet than others, the variation 
bemg due partly to the north-south movement of the sun. 

. following description by an eyewitness 

IS taken from The Naturalist m the River Amazon by Henrv 
Walter Bates: 
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The heat increased rapidly toward two o’clock (92° and 93° Fahr.), 
by which time every voice of bird or mammal was hushed. . . . The 
leaves, which were so moist and fresh in early morning, now became 
lax and drooping; the flowers shed their petals . , . The approach of 
the rain-clouds was after a uniform fashion very interesting to observe. 
First, the cool sea-breeze, which commenced to blow about 10 o’clock, 
and which had increased in force with the increasing power of the sun, 
would flag and finally die away. The heat and electric tension of the 
atmosphere would then become almost insupportable. Languor and 
uneasiness would seize on everyone; even the denizens of the forest 
betraying it by their motions. White clouds would appear in the east 
and gather into cumuli, with an increasing blackness along their 
lower portions. The whole eastern horizon would become almost 
suddenly black, and this would spread upwards, the sun at length 
becoming obscured. Then the rush of the mighty wind is heard through 
the forest, swaying the tree-tops; a vivid flash of lightning bursts 
forth, then a crash of thunder, and down streams the deluging rain. 
Such storms soon cease, leaving bluish-black motionless clouds in the 
sky until night. Meantime all nature is refreshed; but heaps of flower- 
petals and fallen leaves are seen under the trees. Toward evening life 
revives again, and the singing uproar is resumed from bush and tree.^ 

Life in Tropical Rainforest Regions. Dense, shady forest 
with little undergrowth is the typical vegetation cover of much 
of the virgin tropical rainforest. In old clearings, along streams, 
and in other places where the sunlight can get through is a 
jungle growth of trees and underbrush so dense that its penetra¬ 
tion is a diflScult task. It is here that men make good use of 
rivers and streams for transportation. The rapid growth of 
vegetation is a handicap in the construction and maintenance 
of railroads. | 

Rainforest climate of the tropics, however, is ideal for the 
growth of certain economic crops of great value which are native 
to this type of climate. Especially^ in the Malay Peninsula and 
East Indies thousands of square miles are planted in rubber 
trees. A few rubber plantations are located in the Amazon 
Basin (Fig. 84). In the eastern lowlands of Central America are 
to be found great banana plantations (Fig. 85). Lowlands of the 
Gold Coast, Brazil, and Ecuador contain considerable areas 

^ Bates, Henry Walter. The Naturalist on the River Amazon, pp. 31-S2, Jolm Murray, 
London, 1910. 
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Fig. 84.— Rubber trees in the Amazon Basin. Some of the trees are being tapped, 
{Courtesy of Ford Motor Co.) 

food, but rIso ifi tli6 lURiiufRcturc of fine soups* Tropiccil 
forest agriculture in many places, however, is handicapped Iby 
poor soil. Many soils are badly leached, meaning that the heavy 
and continuous rains dissolve and carry away certain valuable 
plant foods in tbe soil. 

Some Hnds of animal life, especially insects, flourish in tbis 
type of climate because of the abundant food supply and laclc 
of a winter season. Crocodiles and alligators infest many streams. 
Among the insects are mosquitoes which act as carriers of tnalairin. 
and yellow fever. Attacks by hordes of ants often make travel 


devoted to the growth of cacao trees (Fig. 86). The fruit of tbis 
tree is a large pod which contains many beans. These beaU-S, 
after being dried, are used in making cocoa and chocolate. Sugar 
cane is an important crop in many parts of the tropics. The cane 
grows rapidly and can be cut several times per year. A plant of 
growing importance is the coconut tree. The milk of the cocoiavit 
is a wholesome food. The dried meat, called copra, is shipped to 
many parts of the world. Coconut oil is valuable not only as 
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through the jungle a miserable experience. Monkeys by the 
thousands chatter in the tree tops. 

The natives who inhabit these regions live for the most part 
from the products of crude and primitive agriculture and from 
the fish of the streams. Then' homes are often small huts with 


Fig. 85. —Banana tree in the tropical rainforest climate of Central America. The 
humid lowlands along the eastern coast of Central America and the island of Jamaica 
are the heaviest producers of bananas. {Courtesy of United Fruit Co.) 

steep roofs which quickly shed the heavy rain (Fig. 87 ). In 
certain regions these natives are employed on the huge banana, 
rubber, sugar, or cacao plantations. Density of population 
throughout tropical lowlands varies but in general is sparse. The 
great Amazon Basin is one of the most sparsely populated regions 
of the world. In contrast to Amazonia, however, is the densely 
populated island of Java. 

White men are able to endure tbe tropical rainforest climate 
after a fashion. They wear light-weight, white clothing and a 
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through the jungle a miserahle experience. Monkeys by the 
thousands chatter in the tree tops. 

The natives who inhabit these regions live for the most part 
from the products of crude and primitive agriculture and from 
the fish of the streams. Their homes are often small huts with 



Pig. 85. —Banana tree in the tropical rainforest climate of Central America. The 
humid lowlands along the eastern coast of Central America and the island of Jamaica 
are the heaviest producers of bananas. {Courtesy of United Fruit Co.) 

steep roofs wKich quickly sked tke heavy rain (Kg. 87 ). In 
certain regions these natives are employed on the huge banana, 
rubber, sugar, or cacao plantations. Density of population 
throughout tropical lowlands varies but in general is sparse. The 
great Amazon Basin is one of the most sparsely populated regions 
of the world. In contrast to Amazonia, however, is the densely 
populated island of Java. 

White men are able to endure the tropical rainforest climate 
after a fashion. They wear light-weight, white clothing arul a 
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devoted to the growth of cacao trees (Fig. 86). The fruit of this 
tree is a large pod which contains many beans. These beans, 
after being dried, are used in making cocoa and chocolate. Sugar 
cane is an important crop in many parts of the tropics. The cane 
grows rapidly and can be cut several times per year, A plant of 
growing importance is the coconut tree. The milk of the coconut 
is a wholesome food. The dried meat, called copra^ is shipped to 
many parts of the world. Coconut oil is valuable not only as 


Fig. 84.—Rubber trees in the Amazon Basin. Some of the trees are being tapped. 
{Courtesy of Ford Motor Co,) 


a food but also ift tbe manufacture of fine soaps. Tropical rain¬ 
forest agriculture m many places. However, is Handicapped by 
poor soil. Many soils are badly leached, meaning that the Heavy 
and continuous rains dissolve and carry away certain valuable 
plant foods in the soil. 

Some ^ds of animal life, especially insects, flourish in 
type of climate because of the abundant food supply and lack 
of a winter season. Crocodiles and alligators infest many streams. 
Among the insects are mosquitoes which act as carriers of malaria, 
and yellow fever. Attacks by hordes of ants often make travel 
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overseers and managers. There is the ever present danger of 
contracting one of the numerous tropical fevers. These must be 
combated by the frequent use of quinine. Air conditioning of 
homes and improved sanitary conditions are making life in the 
tropics more pleasant. In spite of these favorable developments, 
however, there are few large white settlements within this 
climatic type. 

Climatic Data for Representative Tropical Rainforest Stations 
Singapore, Malay Peninsula 

JF MAMJJASOND Yr, Range 
Temp. 78.3 79.0 80.2 80.8 81.5 81.1 81.0 80.6 80.4 80.1 79.3 78.6 80.1 3.2 

Precip. 8.5 6.1 6.5 6.9 7.2 6.7 6.8 8.5 7.1 8.2 10.0 10.4 92.9 

Pard, Amazon Valley 

Temp. 77.7 77.0 77.5 77.7 7S.4 78.3 78.1 78.3 78.6 79.0 79.7 79.0 78.3 2.7 

Precip. 10.3 12.6 13.3 13.2 9.3 5.7 4.9 4.3 3.2 2.5 2.3 5.1 86.7 

New Antwerp, Belgian Congo 

Temp, 79.2 80,1 79.2 78.1 79.2 78.4 76.5 76.3 77.0 77.4 77.9 78.1 78.1 3.8 

Precip. 4.1 3,5 4.1 5.6 6.2 6.1 6.3 6.3 6.3 6.6 2.6 9.3 66.9 

Savanna Climate 

Location and Boundaries. Savanna climate differs from the 
tropical rainforest in two respects: (1) it usually has less rainfall, 
and (2) there are distinct wet and dry seasons. Savannas lie on 
the poleward sides of the tropical rainforest, between the dol¬ 
drums on one side and the trades and subtropical highs on the 
other. They range in latitude from about S'" to IS"". As the 
vertical rays of the sun move north and south during the year, 
savannas are alternately influenced by doldrums and trades. 
Since trades tend to produce deserts, it is evident that savannas 
occupy a position between constantly wet and constantly dry 
climates. The llanos of the Orinoco Valley in Colombia and 
Venezuela and adjacent parts of the Guiana highlands, the 
campos of Brazil, the Sudan of north Africa, the veldt of south 
Africa, and portions of northern Australia are all representative 
savanna lands. Such lands are characterized by tall grass and 
open forest. Tree growth is heavier on the equatorward side. 
Poleward we find trees giving way entirely to grassland as the 
desert is approached. The savanna lands of India, Burma, and 
French Indo-China are under the influence of monsoon wind 
systems instead of doldrums and trades. 
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Temperature. Since the noon sun is never far from a verti¬ 
cal position, constantly high teinperatures are the^ rule in 
savanna lands. The annual range is usually about 10° or 15°, 
slightly more than in the tropical rainforest (Fig. 88). In some 
savanna regions, the inhabitants recognize three tenaperature 
periods: (1) the cooler dry season at the time of low sun; (2) 
the hotter dry season just preceding the rains; and (3) the hot, 
wet season during the rains. During the cooler dry season, or the 

period of low sun, day tempera¬ 
tures are high, reaching 80° to 
90° in the afternoon. Humidity 
is low so that the heat is not 
oppressive. Nights are inclined 
to be pleasantly mild, the tem¬ 
perature dropping to 60° or 70°. 
During the hot, dry period, 
temperatures rise above 90° and 
often over 100°. The hot, wet 
season is one of high sun and 
doldrum influence. It is similar 
to the tropical rainforest. Daily 
range of temperature is less than 
in the dry season, and high 
humidity makes the weather 
sultry. 

Precipitation. Savanna 
lands, with annual rainfall rang¬ 
ing from 40 to 60 inches, receive less precipitation than the tropical 
rainforest. In contrast to the rainforest, savannas have distinct 
wet and dry seasons. The Sudan of Africa, which lies just north 
of the tropical rainforest, may be used to illustrate seasonal dis¬ 
tribution of precipitation. As the vertical rays of the sun move 
north of the equator in April and May, thunderstorms over the 
Sudan become more frequent. Rainfall continues to increase in 
amoimt xmtil July or August, when the doldrums have reached 
their most northerly position. With the southward retreat of 
the doldrums, following the sun, rainfall decreases; and by Oc¬ 
tober or November the trades are again in control, and drought 
again grips the Sudan. 



Fig. 88.—Average monthly tem¬ 
perature and precipitation for a repre¬ 
sentative savanna station. 
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One should keep in mind that south of the equator the period 
of high sun includes December, January, and February. The 
period of low sun includes June, July, and August. It is obvious, 
therefore, that when a Northern Hemisphere savanna is having 
its rainy season, a drought prevails in the Southern Hemisphere 
savanna, and vice versa. 


Satannta Climate 



June to August 

Season 

Decemher to February 

Season 

N. Hemisphere 

S. Hemisphere 

High sun 
Low sun 

Wet 

Dry 

Low sun 

High sun 

Dry- 

Wet 


The hot, wet season is ushered in by violent thunderstorms 
and severe winds which in Africa are called tornadoes. In the dry 
season, weather is like that of the desert. Humidity is so low that 
the skin often becomes parched and cracked. In spite of the 
aridity, the dry weather furnishes relief from the sultry weather 
of the wet season. As the dry season advances, the landscape 
becomes brown in color, the trees lose their leaves, the rivers are 
low, the soil cracks, and all nature appears dormant. Dust and 
smoke from grass fires often fill the air. The coming of the wet 
season brings a startling change. Nature responds rapidly to the 
copious rains of violent thunderstorms. Grasslands are soon 
green, and the forests clothed with leaves and flowers. 

Especially in South Africa and southern Brazil, the savanna 
lands experience cooler weather because of the.higher elevations 
of plateaus and highlands. 

Monsoon Savannas. In India the savanna wet and dry 
seasons correspond with the periods of onshore and offshore 
winds, respectively. Winds blow toward land in the warm season, 
carrying vast amounts of moisture inland. Weak lows move up 
the Ganges Valley toward the northwest, causing abundant 
rains. As these onshore winds, loaded with moisture, approach 
the southern slopes of the snow-capped Himalaya Mountains, 
the rainfall resulting is the heaviest in the world. Cherrapunji, 
for example, averages over 400 inches of rain per year and holds 
the world’s record of 905 inches. Over the savanna lands of India 
the annual rainfall decreases from the eastern coast toward the 
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northwest. During the period of low sun, winds blow from high- 
pressure areas over the land toward the sea. '^Hiis is tJu; <iry 
season during which irrigation is used to provide moisture; to 
growing crops, especially wheat. 

Life in the Savannas. Largely as a result of the cliniafie; 
conditions that prevail, the characteristic natural vegclal ion of 
savanna lands consists mainly of tall grass and trees. In souu‘ 
places the grasslands are suitable for the grazing of cattle. In 
general, however, grazing in the savannas sulfi'rs from st‘V(u-al 
serious handicaps, ® 2 S., (1) the dry season, (2) the coarse natun; 
of the grass, (3) insect pests, and (4) tropical diseases. 

The savaima lands of Africa are the big game r<‘gions. A list 
of wild animals that inhabit the tree and grasslands of Africa 
would indeed be a long one. Travelers often are asloundisi at 
their great numbers. Especially during the dry .season, a regular 
parade of animals can be observed in the vicinity of favorite, 
water holes dotted here and there throughout purls of flu\s<; 
regions. 

Man lives in the savannas mainly by agricull.ural and 
pastoral pursuits. For the most part, these regions in Australia, 
Africa, and South America are only sparsely popuhdxul. 'Fliis is 
largely because of (1) the dry season, which in some cas<‘s lasts 
for several months and (2) the lack of dependable raiid’all. On 
the other hand, the monsoon savannas of southeastern Asia, sup¬ 
port a very dense population. Portions of India art; anumg the 
most densely populated regions of the world. n(;re the abundant 
rains during the wet season and irrigation during the dry s<'ason 
make it possible to produce a tremendous quantity of food, 
especially from such crops as rice, wheat, and sugar <;anc. d'hc 
upland portions of peninsular India are well adax)U>d to cotton 
production. 

In parts of the savanna, man is able to utilize cert ain v.nluabh; 
trees. In the highlands of southern Brazil, around Siio Paido, tin; 
coffee tree thrives. In the Gran Chaco, in northern Argtmt.iua 
and Paraguay, quebracho forests furnish not only good timber but 
also a valuable tanning extract. Commercially, tcakwood is om; (»f 
the most valuable of the savanna trees. This wood is t;xtreim*ly 
durable and has no equal as a shipbuilding inalcriul. It is found 
in certain highland regions of southeastei^n Asia. 
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CuMATic Data for Representative Savanna Stations 
Timbo, French West Africa (10°40'iV'.) 
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The Dry Climates 

What Is Meant by a “Dry” Climate? The essential feature 
of a dry climate is that evaporation shall exceed precipitation. 
As a result of little rainfall, there is no surplus of water to main¬ 
tain a constant water supply in the ground. Permanent streams, 
therefore, cannot originate in such areas. It may be possible for 
streams to cross them, as do the Nile and the Colorado, provided 
they have their sources in more humid regions. 

Two subdivisions of dry climates are commonly recognized: 
(1) the arid, or desert, type and (2) the semiarid, or steppe, 
type. In general, the steppe is a transitional belt, or belt of 
gradual change, lying between the real desert and the humid 
climates beyond. 

Temperature, Precipitation, and Winds. Temperature 
changes in the dry climates tend to be greater than in the humid. 
The daily range is usually large. Clear skies and low relative 
humidity permit rapid heating of the earth during the day and 
rapid loss of heat at night. The lack of vegetation in deserts also 
contributes to the more rapid heating and cooling of the earth’s 
surface. 

Rainfall in dry climates is always meager and varies from 
year to year. Dependability of rainfall usually decreases with 
decrease in yearly amount. For example, droughts are likely to 
be more frequent in a region having an annual rainfall of 20 
inches than in one having 30 or 40 inches. No part of the earth, 
as far as is known, is absolutely rainless, although at Arica, on 
the Pacific Coast of northern Chile, the average yearly rainfall 
was only 0.02 inch over a period of 17 years. During the entire 
17 years only three showers were heavy enough to be measured. 
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Kelative humidity in the dry climates, with a few exceptions, 
is low, ranging from 12 to 30 per cent during the midday hours. 
The rate of evaporation is therefore high. The amount of sun¬ 
shine is great, and cloudiness small. Direct as well as reflected 
sunlight from the bare, light-colored earth is blinding in its 
intensity. 

Dry regions tend to be windy places. The sparse vegetation 
offers little resistance to air movement (Fig. 89). Strong convec- 



PiQ. 89.—The billowing, wind-rippled forms of sand dunes in the American desert. 
Note the mud floor and some vegetation in the depressions, or pockets, where water has 
stood. The distant hiUs in this view are low mountains, not sand dunes. {Ewing Qalloway.) 

tion currents during the day increase the strength of horizontal 
winds. The air is quieter at night, which is an aid to radiation of 
heat. Desert air is often murky with fine dust which fills the eyes, 
nose, and throat, causing serious discomfort. Much of this dust 
is carried beyond the desert to form the loess (wind-blown 
soils) of bordering regions. Heavier sand and rock particles 
travel close to the earth’s surface. Such wind-blown sand carves 
some of the peculiar landforms of deserts. The dry climates may 
be subdivided as follows: 

1. Hot (low latitude) 
a. Desert 
h. Steppe 
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2. Cold ia winter (middle latitude) 

a. Desert 

b. Steppe 

Low-iiATiTXJDE Desert 

Location. These tropical deserts at their extreme margins 
range from about 15° to 30° of latitude. They tend to occupy 
centers and western (leeward) sides of the continent in the 
trades and subtropical highs. It is well to remember that east 
coasts in the trades are humid and west coasts relatively dry. 
Cool ocean currents along such west coasts intensify the aridity! 
The reason for this is explained in a later chapter. The principal 
low-latitude deserts are (1) the Sahara in northern Africa, (2) 
Arabia, (3) Thar in northwestern India, (4) the Sonora in north¬ 
western Mexico and southwestern United States, (5) the Kala¬ 
hari in southern Africa, (6) the Australian desert, and (7) the 
Atacama-Peruvian Desert along the coast of Peru and northern 
Chile. 

Temperature. The annual range of temperature in tropical 
deserts is relatively high. At Aswan, in the Sahara, the average 
July temperature is 95°, and the January temperature 61°, mak¬ 
ing a range of 34°. The large range is due to the extremely hot 
summer and not to severe winter cold, as is the case in middle 
and high latitudes. Daily range of temperature averages 24° to 
45° and in rare instances reaches 60° or 70°. The temperature in 
a single day ia parts of the Sahara has been known to range 
from near freezing to 80° or 90°. 

During the months of high sun, scorchiag, dry heat prevails. 
The percentage of sunshine is high. Yuma, Ariz., receives 97 per 
cent of the possible sunshiae in June. Midday temperatures of 
105° to 110° are common at this season. At Yuma, in 1914, the 
temperature went above 100° for 80 consecutive days, except for 
1 day. Night temperatures are by no means cool, the low read¬ 
ings usually being around 70° to 75°. 

At the time of low sun the days are still warm, with the 
thermometer reaching 60° to 70°, but the nights are distinctly 
chilly, with minimum temperatures in the neighborhood of 40°. 
At Insalah, in the Sahara, extreme temperatures for the year 
have been known to go as high as 124° and as low as 26°. It is 
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possible, tberefore, for light frosts to occur in parts of these low- 
latitude deserts. 

Precipitation. Annual rainfall in the hot deserts averages 
possibly 5 to 10 inches, although over much of the Sahara it is 
less than 5 inches (Fig. 90). What rain does fall often comes in 
the form of violent convectional showers which do not cover a 
very great area. These heavy downpours may do more harm than 
good. Dry stream beds are soon filled with raging torrents of 
water which may damage roads, bridges, or railroads. The im¬ 
mediate rimoff of water is exces¬ 
sive. Such dash rains are of little 
value to the oasis farmer, who 
uses water from springs and wells 
to irrigate his crops. 

Evaporation, caused by high 
temperatures and low relative 
humidity, is high. If a pan of 
water is continuously exposed to 
the air, the amount evaporated 
from it may be more than twenty 
times the annual precipitation. 
At Yuma the average evapora¬ 
tion during the hot months is 
55 inches; the average rainfall 
during the same period is not 
quite 1 inch. Relative humidities 
as low as 2 per cent, with temper¬ 
atures over 100°, have been recorded in the Egyptian Sahara. It 
was the excessively dry air that allowed the Egyptians to 
mummify their dead. 

West-coast Deserts in the Tropics. The usual character¬ 
istics of tropical deserts are modified somewhat in the west- 
coast deserts where' cool ocean currents parallel the shore. 
The presence of cool currents is especially marked along the 
desert coasts of Peru and northern Chile, the southwestern 
coasts of Africa, and to a lesser degree the northwestern coast 
of Mexico. Temperatures along such coasts are therefore 
lower than those of inland deserts at the same latitude. Rain¬ 
fall is extremely low. Callao, Peru, has an annual rainfall 



Fig. 90.—Average montWy tempera¬ 
ture at a representative station in a 
low-latitude desert. 
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of^ 1.8 inches. However, heavy fogs often produce dew and 
mist. As the cool ocean air drifts landward, the heat of the 
coastal desert soon evaporates the fogs so that as a rule they 
do not extend very far inland. 

It should be mentioned here that the high evaporation was 
partly responsible for the preservation of the deposits of sodium 
mtrate m northern Chile. Water, carrying the nitrate in solution, 
was evaporated from the desert surface, and the nitrates remain 
as surface deposits. These nitrates have been shipped from 
Iquique and Antofagasta to all parts of the world. They are 



(Photograph by John C. Weaver.) 


especially valuable in the maniifacture of explosives and com¬ 
mercial fertilizers. The nitrate industry of Chile, however, has 
suffered from the increased manufacture of commercial nitrates 
ia other parts of the world. 

^ Desert Smfface. The most characteristic and extensive 
arid land cover is one of coarse stony or pebbly material (Tig. 
91). Loose,^ shifting sand, often in the form of dunes or hills, 
covers portions of the desert (Fig. 89). Oasis agriculture is found 
in limited areas where small deposits of water-carried or alluvial 
soil are available, provided there is a fairly reliable source of 
water near at hand. 

Where drainage is poor, the rapid evaporation of ground 
waters may residt in the formation of white, alkali soils. Ground 
water carries chemical matter in solution. As the water evapo¬ 
rates, the white chemical compounds accumulate in the topsoil. 
This is like boiling salt water. The water boils away, but the 
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sa.lt reniaiiis in the pan. Alkali soils are worthless from the stand” 
point of crop production, i 

In general, desert features are sharp and bold. The more 
resistant rocks may protrude above the general surface, some¬ 
times forming mesas or buttes (Fig. 92). Deep, steep-sided gullies 
are formed during the*occasional torrential downpours of rain. 
Steep-walled gorges*b^anyons may be cut by larger streams, 
called erofic sireamsfwhich originate outside the desert in more 


^ Fig. 92. —^View down one of tlie canyons in Mesa Verde National Park, soutiiwestem 
Colorado. ”Mesa Verde” means “green tableland.** The top of the mesa is 1,000 to 
2,000 feet above the snrroimding territory. The cap rock is red sandstone, underlain by 
shale. The famous cliff dwellings, used by Indians hundreds of years^ago, are, in the 
sandstone layer._(Courfe5^ 0 / (7.5. Department of the Interior.) ^ 

humid lands. Most arid lands; are rabl^^to support a'scattered 
vegetation. Desert shrubs such as sagebrusff ^d creosote bush 
predominate over grassy-or weedy'plants.JIn places, various 
species of cactus form a considerable part of the vegetation 
I (Fig. 93). These arid-land plants are equipped both to resist and 
to endure drought. Their feeding value is low, although in places 
goats and sheep are able to find suflficient forage?(^ 

Life in the true, tropical desert is indeed hard. Together 
with certain snow- and ice-covered lands of high latitudes, these 
are the most sparsely populated regions of the earth. The 
blistering sun, low humidity, high winds,‘‘and sandstorms are 



163 


CLIMATES OP THE TBOPICS 

factors that try the endurance of men. Caravans of camels are 
able to cross the larger deserts by carrying both food and water. 
Desert tribes m certain localities tend to be nomadic, moving 



93.-The weird but beautiful plants of the Arizona desert testify that this 
foreground is a giant cactus. (.Courtesy of U.S. Bureau of 


from place to place, seeking the meager resources offered by the 
arid landscape. 


Climatic Data tok Represlnxativb Stations in Low-latetodb DESBBia 
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LoW-I.ATITUI) K St Kl* 1*K 

Low-latitude steppes are seniiarid lands, loeaicd arouiul tiK’s 
edges of the low-latitude deserts. In norlln'm Africa, tin' .slcpptT 
lies between the Sahara and Mediterranean climates. On tln’^ 
south edge of the Sahara the steppe lies between tins dcs(‘r(. ait< f 
savanna climates. The semiarid regions in northern Ausiraliit, 
southwestern Africa, and northwestern India litt h)r the iiuKst; 
part on the equatorward side of the tropical dt'scrls. 

Rainfall in the steppes, like that in the dc'serfs, is not onI>" 
meager but also variable and not dependable. Humid year.*'! 
attract settlers who later suffer from a series of dry yvurn. 
Agriculture is safe only under irrigation. Temp<'ralurt; ci)iuli“ 
tions are much the same as in the adjacent desert, with lht^ 
exception that those steppes on the poleward margins havt*; 
somewhat lower temperatures during the cool sca.sou. Tlu'.sf! 
regions as a whole are sparsely populated except iu i.sidat.ecl. 
irrigated spots. During favorable years the grazing of .slunq) auti 
cattle may provide an occupation for a scattered populafioii. 
Undependable rainfall and high temi)eratureH tiui seriotJH 
handicaps in these localities. 

Climatic Data von Bsnohaej, Tuipwj 
Lovi4<xlitude Steppe 

J F a A Jlf J J A 3 0 N J) JV. iiitrtiff* 

Temp. B5 67 63 66 72 75 73 76 78 75 68 60 (!9 21 

Precip. 3.7 1.8 0.7 0.1 0.1 0.0 0.0 0.0 0.1 0.3 2.1 8.1 11.9 

Middle-latitude Dry Climates 

Middle-latitudb Deseut 

Location. Middle-latitude deserts range from about HO* tt» 
45 in latitude. For the most part they lie in the de<‘p iidiwior.H 
of the great continents, far from the oceans wliich are l}u^ prin¬ 
cipal source of water vapor for the earth’s atmosphere. In Uu'Hir 
latitudes Asia has the largest area of dry climate.s, and Kort lit 
America is next in order. Aridity is due not so much to tins 
influence of wind belts, as with the tropical dc.scrl.s, m to 
tion in the interiors oi large landmasses. It is signifktani, also, 
that the middle-latitude deserts tend to occupy <ieprt‘s.sioiiH, 
or basins, being surrounded or partially so by liighlaml.s or 
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moimtains. Thus the arid Great Basin of Nevada is separated 
from the Pacific Ocean by the Sierra Nevada Mountains, and 
to the east lie the Wasatch and Bocky Mountains (Fig. 94). 
Much of the arid land of Asia is shut off from a possible source 
of water vapor from the Indian Ocean by the high Himalaya 
Mountains. Gobi, Tarim, Dzungaria, Eussian Turkestan, and 
central Iran all are surrounded, in part at least, by highland 
rims. 

These deserts, then, are regions of rain shadow and descend¬ 
ing winds, so that great aridity is the result. Another result of 
enclosure, combined with low elevation, is the very high tem¬ 
perature of summer months, sometimes reaching 90° to 110°. 



Fiq. 94.—An arid basin in Nevada. Its deep alluvial filling has a glistening white 
crust of salt, and wind-blown salt clings to the rocky island included within it. {Photo-> 
graph hy John 0. Weaver,) 


Patagonia, in Argentina, does not correspond in some respects 
to the description given above for middle-latitude deserts. 
There the main cause of aridity lies in the fact that much of 
southern Argentina is in the rain shadow of the Andes Moun¬ 
tains. A cool ocean current lying offshore likewise induces 
aridity. Southern South America is so narrow that marine 
influence is more pronounced, and temperatures in dry Pata¬ 
gonia are by no means so extreme as in the deserts of central 
Asia or North America. 

Temperature and Precipitation. Middle-latitude deserts 
have a much greater annual range of temperature than do the 
deserts of low latitudes. Summers are warm, and winters cold. 
In some places in the deserts of Asia the January average tem¬ 
perature is around 0°, and the July average above 80°. During 
most of the year the daily range of temperature is considerably 
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higher than in more humid regions at the same latitude. In 
winter, continental anticyclones with descending air are rather 
prevalent over the dry lands, producing cold, clear days with 
little precipitation. Winds blowing outward from these anti¬ 
cyclones carry low temperatures to localities situated farther 
south. In the United States a Great Basin high over Nevada, 
Utah, and Idaho may become anchored for two weeks or more 
in autumn or winter, warding off storms from the north and 
producing in the Central states a period of delightful, fair 
weather. Summer heat tends to develop a seasonal low over the 
dry interiors of the continents, causing a general inflow of 



Fig. 95.—a mirage is due to refraction, or bending, of the light rays. An observer 
at A actu^y sees ^unage of the blue sky that comes to his eye along the path shown 
by the dotted Ime. This makes the basin appear to contain a lake. The same phenomenon 
often is seen when one looks down an automobile highway 


winds of monsoonal character. The continents are so vast in size, 
however, that moisture drawn inland is largely precipitated 
before it reaches the dry interiors. During the daylight hours 
m summer, winds are unusually strong in these deserts, a 
result of convection induced by high temperatures. As with the 
tropical desert, rainfall is meager. Occasionally in winter the 
mddle-latitude desert is covered with snow. Annual precipita¬ 
tion, however, is usually less than’10 inches. Vegetation is 
necessarily scanty; and these regions, like the tropical des¬ 
erts,^ are among the very sparsely populated portions of the 
continents. 


Murage. Although mirages have been observed in many 
parts of the world, they probably have been seen more often in 
desert and steppe lands than elsewhere. A mirage is due to the 
refraction, or bending, of light rays. In a flat, basinlike area, 
the air next to the earth may become much warmer than the air 
immediately above. -The two layers of air, having different 














Fig. 96.—A field of kaffir corn in the semiarid steppe lands of western Kansas. 
This crop is well adapted to the light rainfall of these regions. It provides feed for several 
kinds of livestock. {Courtesy of Kansas State College of Agriculture and Applied Science,) 

may appear to contain a large lake. Actually, because of tbe 
bending of light rays, he sees an image of the blue sky (Fig. 95). 

Climatic Data for Middle-latitudu Desert 
TJrga, Mongolia (3,800 Ft.) 
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Temp. 
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33 
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0.0 0.3 0.1 0.2 0.3 0.4 
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0.6 
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Middle-latitude Steppe 

Characteristics. Middle-latitude steppes are the semiarid 
lands between the middle-latitude deserts and adiacent, more 
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humid regions. Temperature conditions are not greatly uni i fee 
those of the desert. The steppes, however, receive more raio.f»il 
and are, therefore, somewhat better fitted for human settlement. 
Settlers are tempted to farm these semiarid lands (Fig. OO). 
A succession of humid years may bring them partial success, 
but invariably a series of dry years will follow with disastroxis 
effects. 


TYPE M/cfd/& Latitude 3tepp^ 

|n |pl^CE L aramie*, l4^(/o/7?/n 
oO 


imiiiiiiiiiiHii 

IIIIHIIIIIIIHIII 
iiiniiiiiiiiiiiii 

»SBHi 


liiiiHiiiiiiiiiinii 


Location. In North America a considerable area of this type 
of climate extends from Texas to Canada, lying east of the Eoclcy 
Mountains (Fig. 97). Winters are much more severe in the nor th 

(eastern Montana) than in ttie 
south. This is the high-plains 
region. Because of the ratlaer 
level nature of the land and tlie 
scarcity of trees, strong winds 
prevail during most of the year. 
In winter these high winds, 
together with near zero tempera-* 
tures and snow, are elements ol 
the “blizzards” that sometimes 
occur in the prairie states. In 
summer, hot south winds are esc- 
tremely drying. The short grass 
that is the typical vegetation 
J FMAMJJAS crNW"! has added humus to the soil, so 
Fig. 97.—Average monthly temper- that OVer most of the reeioYl 

latitude steppe station. fairly rich and, under 

. ..... , irrigation, are very productive. 

^ an Jlustration, the ^oeUent sugar-beet region of eastern 
Colorado may be cited. The growth of grasses eneourages the 
giasmg of shey and cattle. Wheat production in the region is a 
gamble with the weather elements. 

Two unique featur^ of this climate in North America should 
be menboned. One IS thejmtstonm which originate in the “dust 
bowl m sonthw^em Ka^as and southeastern Colorado, tlio 

yng. 98) These storms ate not troublesome except during a 
smes of dry y^s. The oth« is the cUnook wind, a warm wLd 
that descends the eastern slopes of the Hocky Mountains and 
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Fxa-, J98.—A duststorm at Ulysses, in extreme southwestern Kansas. {Fhotograph hy 
R. L. Gray, Courtesy of S. D. Flora, U.S. Weather Bureau, Toyeha, Kans.) 



Rising afr cooling Rismg a/r ecof/ng at Descencfing air heating Lct^ 

Pr^Kjo^ijre,' Jbg axpandonj SS* shwer rotefaboutSVx bg compressionj-S.S’^R Pvssurc 

tz per iOOO feet. per iOOO feet) ciu& fo per tOOO feet 

addif/or? of heat of 
condensation, 

Fi< 3-- 99.—Diagrammatic representation of chinoofc winds. In the Alps this wind is called 

the foehn. 


esi>ecially in winter, causes a rapid rise in temperature (Fig- 99). 
Ma-inly because of the uncertainty of rainfall, the region as a 
whuole is rather sparsely populated. 

Climatic Data ron Wiluston, Mont. 

JFMAMJJASOND Yr. Range 
Teixxp. 6 8 22 43 S3 63 69 67 66 44 27 14 39.2 62.7 
Precip. 0.5 0.4 0.9 1.1 2.1 3.2 1.7 1.7 1.0 0.7 0.6 0.5 14.4 

Summary 

TTropical rainforest climate is hot and humid. There is no cool 
season. Average monthly temperatures differ little during the 
year. Convectional rainfall in the form of thunderstorms totals 
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in many places 80 to 100 inches per year. Among the more iaM- 
portant economic products of this climate are raw rubber, cacao 
beans, bananas, coconuts, and cane sugar. 

Savanna lands are characterized by a wet season during high 
sun and a dry season during low sun. Native vegetation consists 
mainly of coarse grass and scattered trees. 

Low-latitude deserts have no winter. At high sun they are 
esdremely hot; at low sun, warm. Middle-latitude deserts have a 
winter season and therefore a much higher annual range of 
temperature than do those of low latitudes. 

The difference between savanna and steppe is shown in tlie 
following chart: 



Annual Rainfall 
Inches 

Vegetation 

Savanna 

30-60 

Tall grass and scattered 



trees 

Steppe 

10-20 

Short grass 


The foUowing chapter continues with a discussion of tHe 
types of climate to be found in those parts of the world whicli 
are farther from the equator than the tropical rainforest or the 
trade-wmd desert. 


Questions 

TROPICALi RAINFORESTS 

2. l^t is the average annual temperature in tropical rainforests ? 

Why IS the annual range of temperature so low? 

® stetement concemmg the amount and the seasonal 
distnbution of ram in the tropical rainforest. seasonal 

of the formation? What is the typ^ 

clJatftropical rainforest 
7. What types of clouds predominate in rainforest regions? 
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8. What is the typical rainforest vegetation? Effect on trans¬ 
portation? 

9. Mention a few economic crops and the areas of production. 

10. Discuss life in the tropical rainforest. 

11. How do white men combat tropical heat? Fever? What is 
meant by enervating? 

12. What problem does the high humidity of the air in the rain¬ 
forest regions introduce into the practice of air conditioning? 


SAVANNA LANDS 

13. How does savanna rainfall differ from that of the rainforest? 

14. Savannas are influenced by what two wind belts? What is the 
effect of each? 

15. What and where are llanos? Campos? Sudan? Veldt? 

16. What three temperature periods are recognized in savannas? 
WTiich resembles the tropical rainforest? 

17. When does the wet season in the Sudan occur? Why? What is 
the type of the rainfall? 

18. What months constitute the wet season and the dry season in 
the savannas of the Northern Hemisphere? Southern Hemisphere? 

19. What is the effect of the dry season in savannas? 

20. Locate the principal upland savannas. 

21. Explain the cause of monsoon winds in southeastern Asia. 

^^^22. T^y does rainfall decrease from Calcutta toward the north¬ 
west? It is heaviest during what months? 

23. Why does Cherrapunji have such heavy rain? 

24. What is the typical vegetation of savannas? ‘ 

25. Mention several handicaps to the grazing of livestock in the 
savannas. 

26. Name a few economic products of savannas and at least one 
producing region for each. 


DRY CLIMATES 

27. What is the essential feature of a dry climate? 

28. In general, how does latitude affect rate of evaporation? 

29. What are the two subdivisions of dry climates? 

SO. Why is the daily range of temperature large in deserts? 

31. What is a general rule relating to dependability of rain? 

32. Locate Arica. What is the annual rainfall there? 

33. What are the characteristics of humidity, sunshine, and winds 
in dry climates? 
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34. Name and locate the principal low-latitude deserts. 

35. Discuss annual and daily range of temperature in low-latitude 
deserts. 


36. What temperature extremes have occurred at Insalah? 

37. What is the character of most desert rainfall? 

38. How much does evaporation exceed precipitation in some 
deserts? 


39. What peculiar characteristic has the climate of a west-coast 
tropical desert? 

40. How has climate probably contributed to formation of sodium 
nitrate deposits in northern Chile? 

41. Describe the desert surface. What is an oasis? 

42. What is meant by an exotic stream? Give an example. 

43. Describe desert vegetation. 

44. Locate the low-latitude steppes. Why are they sparsely 
populated? 


45. mat is the main cause of aridity in middle-latitude deserts ? 

46. mere is the Great Basin? It is bordered by what mounteins? 

47. Name the desert regions of Asia. 

48. mere is Patagonia? Why is it arid? 

1 w-f annual range of temperature in high-latitude and 

low-latitude deserts. 

60. ^at is the effect of an anticyclone over the Great Basin? 

61. Describe the chmate of the Great Plains of North America. 

Mont evaporation be more severe, in the steppes of 

or m the steppes of New Mexico? my? mat would be the 
eliect on crop production? 


Suggested Activities 

1. Display in the classroom three manq nf tTiii -.rr i ^ -i - 

out the world Paste the^^^^^^^^ carves for selected places through- 

world with atow^poiS^^llX^ a -g ,,tline wall map of Ae 
Tf n -m to the exact location of each place 

Unit’ed SuS. urS^tollSLlf*'’ ““““ 

throughout the country. ^ various climatic conditions 
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4. Place a pan of water outside a window, and observe the rate of 
evaporation. Repeat at different seasons of the year. Use coarse screen 
to keep out birds. At the same time keep a record of sun altitude at 
noon and the approximate percentage of cloudy and clear weather. 

5. Choose one climate among those so far discussed in which you 
would like to live. Then write a short discussion of this climate, giving 
reasons for your choice. 

6. Paste or pin on a world map the names of tropical economic 
products in those regions where they are produced in great quantities. 

7. Draw a rough outline map of the United States, and super¬ 
impose it on a map of the Sahara Desert drawn at the same scale. 

8. Summarize the causes of aridity. 

9. Label the great deserts on a climatic map of the world. 

Note: Other activities may be found in the laboratory manual. 

Topics fop Class Reports 

1. Products of the Tropical Rainforest 

2, Life in the Amazon Basin 

8, The Belgian Congo 

4. Plantation Rubber of Malaya and the East Indies 

5 . Sugar-cane Production in Cuba 

6. Cacao 

7. Central American Banana Plantations 

8. Egyptian Sudan 

9. Coffee Production in Brazil and Central America 

10. Distribution of Population in India 

11. The Use of Savanna and Steppe Lands in Australia 

12. The Llanos of Colombia and Venezuela 

13. Irrigation Projects in the Steppe Lands of North America* 

14. Dry Farming in the High Plains of North America 


Referenoeb 

Allas of A'meriean Agriculture, Part II, '^''Climate,” three sections, viz,f 
Frost and tlie Growing Season; Temperature, Surisliine, and 
Wind; iVecipitation and Humidity, Government Printing Office, 
Washington, D.C. 

Jamios, IhtiosToN' E.: An Outline of Geography, Ginn and Company, 
Boston, 1035. 

Kkndrew, W. G.: Climates of the Continents, Oxford Univi^rsity 
Ih'css, New York, 1937. 

Ward, R, DeCI: Climates of the United States, Ginn and {Joni|)ayiy, 
Boston, 19£5. 





Chapter VII. Climates of Middle 
and High Latitudes 


“Rain changing to snow; much colder.” Thus reads the 
weather forecast in February. A day or two later comes this 
warning: 

“Florida fruit growers should be prepared to protect trees 
against freezing weather.” 

Meanwhile, in California, the news stories tell of unusually 
heavy rains. 

Then comes spring, and we read, “Much warmer tomorrow; 
thunderstorm probable in afternoon.” 

Summer arrives, and there are occasional rains. Then, 
throughout much of central United States, a “speU” of hot, 
dry weather sets in, and much damage is done to growing crops. 

All kinds of weather! Such is the nature of the middle 
latitudes, or intermediate zones, which extend approximately 
from the SOth to the 65th parallel. Such variety is in sharp 
contrast with the monotonous, warm, humid weather of the 
tropical r^orest.^ In the tropics, seasons are designated as wet 
and dry; in the middle latitudes, as summer and vdnter. In the 
tropics, pl^ts are dormant during the dry season; in the middle 
latitudes, durmg the cold, or whiter, season. 

to east in the 

mddle latitudes. They are largely responsible for the changeable¬ 
ness of the weaker. It is m these regions that the science of 
weaker forecasting is best developed and most useful. 

whiSdsli “udes begins with that type of climate 

which IS found around the shores of the Mediterranean Sea. 

Mediterranean Climate 

U winters, and lew ramy days are outstanding 
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features of Mediterranean climate. With such an environment 
usually is associated a great variety of fruits and flowers at all 
seasons. World regions having this ty^e of climate are widely 
known for their numerous resorts and playgrounds. 

Mediterranean cHmate, also called subtropical dry-summer 
climate, in its simplest form, has 
three principal characteristics: 

1. The precipitation is mod¬ 
erate to low in amount, and 
much of it falls in the winter 
season, the summer being nearly 
rainless (Fig. 100), 

2. The winter temperatures 
are mild, but the summers are 
warm to hot. 

3. There is much sunshine in 
all the seasons, but especially 
in the summer. 

This type of climateis located 
on the tropical margins of the 
middle latitudes. Especially is it _ 

found on the western sides \ Pig- lOO.-AvemgemontMy temper- 
, . , ature and precipitation for a representa- 

01 continents, m approximately tive station with Mediterranean climate. 

the latitude of the subtropical — - 

highs. This climate, therefore, lies between the dry trades and 
subtropical highs on the one hand and the humid westerlies 
with their cyclonic storms on the other. In summer, tropical 
dry weather is in control; in winter, the changeable weather of 
the westerlies is the prevailing influence. This, then, is a transi¬ 
tion climate between low-latitude steppes and deserts and the 
cool, marine, west-coast climate farther poleward. 

The major regions of Mediterranean climate are (1) the 
borderlands of the Mediterranean Sea, (2) central and coastal- 
southern California, (3) central Chile, (4) the southern tip of 
South Africa, and (5) parts of southern Australia. These areas lie 
roughly between 30° and 40° of latitude. In central Chile, moun¬ 
tains near the ocean shore confine this climate to a narrow 
coastal margin. Africa and Australia do not extend southward 
far enough to have any large areas of Mediterranean climate. 
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Only in the region of the Mediterranean Basin does this 
climate extend far inland. In winter, the paths of cyclones move 
equatorward so that they cross southern Europe. T his probably 
is due to the relative warmth of the Mediterranean Sea. Over 
this sea there forms an elongated low-pressure area, or “trough-” 
This trough attracts the cyclones which penetrate eastward to 
Pdestine and beyond, bringing cyclonic weather and winter 
rainfaE with them. 


Temperature. In a region having Mediterranean climate, 
more pleasant temperatures throughout the year are likely to be 
found along coasts than farther inland. Summer weather along 
shore is distinctly cooler. This is caused (1) by the marine 
influence of ocean winds and (2) in some cases by a cool ocean 
current that parallels the coast, e.g., in California and Chile. Thus 
the average temperature of the warmest month at San Francisco 
IS 60°, whereas at Red Bluff in the Sacramento Valley it is 80°. 
Winters along such coasts are unusually mild, frost being 
practically unknown. The cold months have average tempera¬ 
tures around 50° to 55°. Annual range of temperature is uncom- 
monly small, approximately 10° at San Francisco and 11° at 
Valparaiso, Chile. Fogs are frequent, just as they are along 
desert coasts toward the equator. 

Farther inland, Mediterranean climate is somewhat different. 
Wmters are still mild, but summers are distinctly hotter ttian in 
coastal re^ons. At Sacramento, in 1931, there were 27 days in 
July and 16 m August mth maximum temperatures above 90°, 
mgnest readings sometimes reaching 105° to 110°. At ninht 
however, the thermometer may record 55° to 60°,’showing a 
^eat daily range. The relatively cool nights are greatly appre- 

hit ^ 

living 

mento 46". 4S", and Eome 44".) In"Xf SS: 
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fornia, in January, midday temperatures rise to 55° or 65° and 
at night drop to 40° or 45°. The growing season is not quite the 
whole year, because frosts occasionally occur during the three 
winter months, especially in valleys into which cold air sinks. 
Sensitive crops such as citrus fruits (oranges, lemons, grapefruit) 
are therefore planted on hillsides. Although severe frosts are 
rare, there have been instances when freezing temperatures 
have resulted in widespread disaster to orchardists. For that 
reason various methods of combating low temperatures are 
employed when necessary during the cold months. Prominent 
among such methods is the use of orchard heaters mentioned in 
Chap. II (see page 38). 

Precipitation. Mediterranean climate is unique among 
world climates in that it is the only one of the humid climates 
that has a summer drought. Annual rainfall averages 15 to 25 
inches. There is a pronounced maximum during the cooler 
months, summer being nearly, if not absolutely, dry. The 
yearly amount increases with latitude. Thus San Diego has 
10 inches of rain per year on the average; Los Angeles, 16; and 
San Francisco, 23. In all Mediterranean regions snow is so rare 
that it is a matter of considerable comment when it does fall. 
It is rather fortunate that the rains occur in the cool season. 
If they fell during the hot season, much more moisture would 
be lost by evaporation and thus would not be available for plant 
growth. 

The winter rainfall is due largely to the influence of cyclones 
which move farther equatorward at that season of the year. 
There are “spells of weather” when dull, gray skies prevail. 
Showers fall at intervals. Occasionally the rain becomes a down¬ 
pour for a short period, sometimes causing floods which do great 
damage. Thunderstorms seldom occur except possibly in the 
mountains or hills, two to four a year being the usual number in 
southern California. The winter rains brighten the landscape, 
the growth of vegetation changing the prevailing color from 
brown to shades of green. 

Seasonal Weather. Summer weather changes little from 
day to day. It is characterized by clear skies, drought, brilliant 
sunshine, high daytime temperatures, rapid cooling at night, 
and, except near the coast, low relative humidity. Certain regions 



168 


ELEMENTARY METEOROLOGY 


in Mediterranean climates are famous for sea breezes, winds that 
blow from sea to land and have a moderating effect on the 
intense heat. In autumn and winter the days are bright except 
for the occasional periods of cloudy, rainy weather. Along 
coasts, fogs appear in the morning, but the sun evaporates them 
by nine or ten o’clock. The coast of California is one of the 
foggiest areas in the United States. Spring is a delightful season, 
fresh and yet warm. On the whole it is cooler than autumn. 



ilQ. 101.— Orchards in the Sacramento Valley. (Courteay of Sacramento Chamber 

Commerce^ 


This is the time when many grains are harvested. As the season 
advances, rainy spells become rare, and the heat more intense. 

A low-pressure area crossing Europe may draw hot winds 
Bort ward from the Sahara Desert. These winds, called droceos, 
with temperatures of 100"^ or more and humidities of 10 to SO 
per cent, may do serious damage to vegetation. 

Life in Mediterranean Climate. Native plants in this 
climate are of necessity drought resistant. Trees tend to be 
widely spaced, not tall, and covered with a thick bark which 
serves to retard evaporation. Leaves are small and leathery, 
characteristics that prevent rapid loss of water. Among these 
rought-resistant trees is the valuable cork oak. Produced 
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mainly in Portugal and western Spain, the bark of this tree 
furnishes the world’s principal supply of cork. 

In some localities the vegetation cover consists principally 
■of a mixture of shrubs and bushes. This is the chaparral of 
California. Such a vegetation cover is not capable of supporting 
abundant animal life. However, the meager forage seems to be 
.sufficient in many places for the needs of sheep and goats; and 
Mediterranean lands, especially in southern Europe, are noted 
for their large numbers of these animals. 

Man combats the semiarid nature of Mediterranean climate 
by means of irrigation. Under the bright sun, vineyards and 
■citrus-fruit orchards flourish (Fig. 101). In California the rich 
soils that have accumulated at the base of mountain slopes are 
so utilized. The hot sun, and dry air of the interior valleys are 
climatic factors that are largely responsible for the development 
of the fruit-drying industry in certain localities, e.g., around 
Fresno, Calif. The exporting of enormous quantities of wine 
from countries bordering the Mediterranean Sea is a direct 
result of a climate favorable to grape production. 

Climatic Data for Representative Mediterranean Stations 
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Humid Subtropical Climate 

General Features and Location. Humid subtropical climate 
differs from dry subtropical, or Mediterranean, climate in three 
respects: 

1. It usually is located on the east sides of continents. 

2. It has more abundant rain. 

3. The rainfall is either well distributed throughout the year 
or concentrated in the warm season. 

These two subtropical types of climate have about the same 
latitudinal location, the humid east-coast type ranging from 25° 
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to 40°, West coasts in the intermediate zones feel the marine 
influence of westerly winds from the ocean. East coasts also 
experience westerly winds. However, east coasts are subject to 
winds having a monsoon tendency, i.e., winds blowing from sea 
to land in summer and from land to sea in winter. The larger the 
continent the greater the extremes of temperature near its 
center. The greater the extremes of temperature the more 
pronounced will be the monsoon winds, because great tempera¬ 
ture differences mean great pressure differences. Thus Asia 
and North America are continents in which the monsoon 

tendency is relatively well devel¬ 
oped. The stronger the monsoon 
tendency the greater the concen¬ 
tration of precipitation in the 
warm season. 

The larger areas of humid 
subtropical climate are (1) south¬ 
eastern United States; (2) Japan 
and eastern China; and (3) 
northern Argentina, Uruguay, 
and extreme southern Brazil. 
Smaller areas are found in south¬ 
eastern Africa and Australia. 

Temperature. The temper¬ 
ature characteristics of humid 
subtropics are somewhat similar 
to those of Mediterranean cli¬ 
mates, since they occupy about 
the same latitudes. However, 



Fig. 102.—Average monthly temper¬ 
ature and precipitation for a representa¬ 
tive station in the humid, or wet, 
subtropics. 
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Japan, Europeans and Americans frequently quit their usual 
places of residence during the summer and go to high-altitude 
stations, as they do in the genuine tropics. Nights are hot and 
humid in contrast to the drier and cooler nights of Mediterranean 
climate. 

Winters in the humid subtropics are relatively mild. Cool- 
month temperatures average 40° to 55°. The annual range of 
temperature is, therefore, usually not great, ranging from 20° 
to 30°. Nights may be uncomfortably chilly because of high 
humidity and a temperature around 40°. 

The growing season, or period between killing frosts, is 
long, ranging from 7 months up to nearly, if not quite, the 
entire year. Freezing temperatures occur on only a relatively 
few nights in winter. The cold spells do serious damage to sensi¬ 
tive crops such as citrus fruits and sugar cane. Cold waves are 
more severe in the American Gulf states than in southeastern 
China. This is because (1) winter cyclones and anticyclones of 
North America are well developed and (2) the level nature of 
the land surface permits the cold air from northern Canada to 
flow southward toward or even to the Gulf of Mexico (Fig. 103). 
The extreme southern tip of Florida is the only place in the 
United States where the thermometer has never been known to 
reach 32°. 

Precipitation. Rainfall is relatively abundant within the 
humid subtropics, annual amounts ranging from 30 to 65 inches. 
Rain falls throughout most of the year but in general is heavier 
in the summer months. 

Summer rainfall is mainly convectlonal, accompanied by 
thunder and lightning. The humid subtropical region of south¬ 
eastern United States ranks high in thunderstorms, the annual 
number ranging from 60 to 90. Hurricanes and typhoons are 
late summer and early autumn storms characteristic of this 
climate. They bring torrential rains and floods, which, with 
high winds, may do tremendous damage. In the Swatow typhoon 
of August, 1922, it was estimated that 40,000 Chinese lost their 
lives, chiefly by drowning. 

Winter rainfall is mainly cyclonic in origin. It is usually 
associated with a general and persistant cloud cover extending 
over wide areas. Because of more numerous cyclones, winters 
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are cloudier than summers. Gray, overcast days are unpleasantly 
chilly. Snow falls occasionally but melts within a day or two. 

Humid Subtropics Are Highly Productive. Without doubt 
these regions possess the most productive climate of the middle 
latitudes. There is little restriction upon the kinds of crops 
that can be grown. Winter cropping is nowhere prohibitive. 



riG._ lOS.—Weather controls giving rise to killing frosts in the American humid 
subtropics. A well-developed anticyclone advancing from the northwest as a mass of 
polar continental air produced minimum temperatures of 20*" at New Orleans and 8“ 
at MempHs. The isotherm of 20“ fairly wU parallels the GuU and South Atlantic 
Coasts. 

In southern China and Japan, many of the fields are in use 
the entire year. The lack of a cold season, however, tends to 
increase crop losses from injurious fungus and insect pests. 

The abundant warmth and moisture cause an equally 
abundant vegetation cover, usually of forests; although in 
regions of more moderate rainfall, grasses may replace trees. 
Grasslands, for example, predominate in the pampa of northern 
Argentina. In China, the forests have been cut to such an extent 
that soil erosion and floods are serious problems. The South 
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Atlantic and Gulf states of America possess considerable forest 
resources, although the stand, of pine trees has rapidly dimin¬ 
ished. Much of the land from which southern pines are being 
removed is so poor that it is unfit for agriculture. 



Fig . 104.— Cotton growing on the flat coastal plain of Texas. {Courtesy of Agricultural 
Experiment Station, A, and M, College of Texas,) 


In general, the forest soils of the Gulf states are not of 
high fertility. This is due largely to the solution and removal 
of soil materials by abundant rains. 

It needs to be emphasized, however, that in those areas 
where soils are fairly rich, humid subtropical climate is capable 
of tremendous agricultural production (Tig. 104). This is shown 
by the rice-producing delta regions of China and tbe black soils 

Cmmatic Data for Refresbntative Humid Subtropical Stations 
Charleston, B, (7, 
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of the cotton belt of the United States. The supplying of northern 
markets with citrus fruits and off-season vegetables and the 
operation of winter resorts for tourists illustrate other oppor¬ 
tunities for human occupation in the American Gulf states. 

Marine West-coast Climate 


Location. Marine climates occupy positions on western, 
or windward, sides of middle-latitude continents, poleward from 
about 40°. Onshore westerly winds import to them conditions 
from the oceans. In their general atmospheric characteristics, 
therefore, they are like the seas from which the imported air 
is arriving. Where land areas are relatively narrow, as with 
Great Britain, New Zealand, and Tasmania, the marine influence 
is felt inland as well as along the coast. 

Because of higher latitude, marine coasts are not subject 
to the very dry seasons found in Mediterranean climates. 
Moreover, marine coasts are usually paralleled by relatively 
warm oeeau currents. Evaporation of water from these currents 
increases the moisture content of the winds that move from sea 
to land in these regions. 

^ The depth to which marine west-coast climates penetrate 
inland depends upon the nature of the land surface. Where 
mountains closely parallel the west coasts as in North America, 
South America, and Scandinavia, oceanic conditions are confined 
to relatively narrow coastal strips. But where extensive low¬ 
lands prevail, as m parts of western Europe, the effects of the 
sea are carried well inland. 


Temperatee. Supers are moderately cool and, although 
more or less ideal for human efficiency and comfort, are on the 
other hand somewhat too cool for the best growth of many cereal 
crops. These cool summers are in severe contrast to the hot 
summers of Mediterranean and humid subtropical climates. 
In these cloudy ramy regions the dafly range of temperature is 
smaU. In Seattle the highest temperatures of the day in July 
average 73 , and the lowest average 51°. Occasional hot days 
occur,^ but prolonged hot waves are very few. ^ 

’R-mters, on the whole, are abnormally mild for the latitTiHe 
E^ecally true iu „es,eru E^ope’^where a ieat ^ 

warm water, inowu .a the JVerti Atlantic Drift, a corrtiuuX' 
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of the Gulf Stream, lies offshore. Thus most marine parts of 
western Europe are 20° to 30° too warm in January for their 
latitudes. Hammerfest, on the coast of Norway, 71°N., is an 
ice-free port, yet ice-breakers are required to keep open the 
harbor of Hamburg, 54°N. but considerably inland from the 
Atlantic. It is rare for London to have a temperature below 
15°. The frost-free, or growing, season is unusually long for the 
latitude, being 180 to 210 days 
in the American North Pacific 
Coast region. 

Precipitation. Ikfarine west 
coasts generally have adequate 
rainfall at all seasons (Fig. 

105). The total amount varies, 
depending much upon the surface 
features of the land. Over the 
lowlands of western Europe, the 
rainfall is only moderate, usually 
20 to 40 inches. On mountainous 
coasts, however, the total may 
reach 100 to 150 inches. Europe 
is the only continent where 
marine rainfall extends inland 
to any great distance. In North 
America heavy precipitation on 
the west side of the Cascades is 
counterbalanced by arid to semiarid conditions to the east. 

Rainfall on marine west coasts has two outstanding charac¬ 
teristics: (1) It is reliable, droughts being of rare occurrence, and 
(2) it is adequate for plant growth at all seasons. Usually there 
is no marked dry season. In some places, especially along 
mountain coasts, winter precipitation is much heavier than 
that of summer. Snowfall is not abundant over the lowlands 
of northwest Europe because of temperatures that are pre¬ 
vailingly above freezing. On the western slopes of the Cascades, 
however, 300 to 400 inches of snow fall on the average each year. 
Snowfall is likewise heavy in the southern Andes, in the moun¬ 
tains of New Zealand, and along the coast of British Columbia 
and southern Alaska. 
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Fig. 105 —Average monthly temper¬ 
ature and precipitation for a representa¬ 
tive station in marine west-coast 
climate. 
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Marine coasts are well known for cloudy weather. The Tuget 
Sound region has the highest cloudiness and least sunshine of 
any part of the United States. Over western Europe, cloudiness 
over wide areas is greater than 70 per cent, the sun sometimes 


diameter, measLed 5 feet aboveT^ 

bemg hidden for several weeks in succession. Evaporatioi 
Eerefore, IS very low, so that smaU amounts of rainfaU are ver 
^^fave for plant growth. Relative humidity is almost alway 

I>roductivi1y of Marine West Coasts.' In this mild humi 
the Coa.. 
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the foggy, western slopes of the Coastal Ranges, are the great 
redwood forests (Fig. 106), but pines and cedars prevail inland. 
Farther north, in Oregon, Washington, and southern British 
Columbia, Douglas fir is the outstanding tree, being the most 
important timber tree of the Pacific Coast forests. North of 
about latitude 50°, in British Columbia and Alaska, fir is less 
abundant, and spruce and western cedar become the dominant 
timber trees. Of the remaining stand of saw timber in the United 
States, about 60 per cent is in the Pacific Coast forests. 

The cool, damp climate of marine west coasts is well suited 
to the growth of many grasses. The excellent pasture lands that 
abound in some regions have encouraged livestock production. 
Thus most of the breeds of fine livestock have been developed 
in the countries of western Europe. 

Soils in regions of marine west-coast climate vary con¬ 
siderably but in general are only moderately fertile. The various 
types of soil are responsible to some extent for the variety of 
agricultural crops produced. The forest soils in general are 
superior to those of the tropical rainforest. In many places the 
soils have been influenced considerably by past glaciation. 
Especially in Oregon and Washington, many of the more fertile 
valleys are important fruit-producing regions, an example being 
the Rogue River Valley. 

Climatic Data for Eepresentative Marine T/est-coast Stations 
ScatilCf Wash. 
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Humid Continental Climate 

Location. Humid continental climates are limited to North 
America and Eurasia. There is no landmass in the south inter- 
medial,e zone sufliciently large to have this type of climate. In 
Europe marine climate extends to eastern Germany, where it 
gradually changes to humid continental. In North America 
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mountain barriers that parallel the western coast cause arid 
to semiarid conditions over much of the western half of the 
continent. Therefore humid continental climate is found mainly 
in the eastern half of North America, extending roughly from 
southern Missouri to southern Canada and from centi-al Kansas 
to the Atlantic. 


This severe climate is land controlled. It is carried to the east 
margin of the continents by westerly winds. The east coasts 
do not experience quite so severe temperature changes as do the 
mid-continental areas, but their climate is, nevertheless, much 
more continental than marine. A third segment of this climatic 
type is found in North China, Manchuria (Manchukuo), and 
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southeastern Siberia. "i 

Temperature. Warm to 
hot summers and cold winters 
are characteristic of the regions 
mentioned above. The annual 
range of temperature is, there¬ 
fore, large (Fig. 107). The mon¬ 
soon tendency, with southerly 
winds in summer and northerly 
winds in winter, tends to in¬ 
crease the extremes of temper¬ 
ature. In general, the severity 
of the climate increases from 
south to north and from coast 
to interior. Higher humidity 
along the Atlantic seaboard 
causes summer heat to be more 
oppressive and sultry and the 
winter cold more raw and pene- 
.... trating than are the drier ex¬ 

tremes of the mterior. Temperature contrasts from south to 
north are peater m winter than in summer. Between St. 
Loms and Winnipeg the January contrast amounts to 34°; in 

ftedpitation. In humid continental climates, the maximum 
pr^jprtation usuaUy occur, in the cummer, although winter, Z 
not neceeaardy dry (Hg. 108). The summer maximum in due to 



Fig. 107. —^Average montHy tempera¬ 
ture and precipitation at a station in tlie 
Lumid continental climate with short 
su mm ers. The absence of a marked sum¬ 
mer maximum in precipitation results 
from the very abundant winter snowfall. 
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(1) the monsoonal tendency, as a result of which southerly 
winds blowing from sea to land carry great quantities of water 
vapor inland, (2) the resulting increased absolute humidity in 
summer, and (3) strong convection due to high temperatures. 
The warm-season rainfall is mainly convectional, a considerable 
percentage falling as the heavy downpours of thunderstorms. 
In winter, in addition to low absolute humidity, anticyclones 
with winds blowing from land to sea check the importation of 
water vapor from the ocean and sometimes retard the passage of 
lows across the continent. 

The economic importance to agricultural production of 
having the year’s rainfall relatively concentrated in the growing 
season cannot be overestimated. As these climates have a pro¬ 
nounced winter season, it is highly essential that periods of 


sufficient warmth and suflScient 
rainfall coincide. The great 
American Middle West is a 
highly productive agricultural 
region. This would not be the 
case if its rainfall were like that 
of southern California. 

Winters in humid continen¬ 
tal climates are characterized 
by periods of cloudy, cyclonic 
weather. Precipitation may be 
in the form of rain or snow and 
occasionally sleet (Pig. 109). It 
takes 5 to 15 inches of snow to 
e(pial 1 inch of rain. A snow 
cover is of economic importance 
on fields planted to winter 



wheat'., because (1) it adds mois- summers. 

ture; to the soil and, (2) owing to its low conductivity, it prevents 
the ground from becoming excessively cold. The snow, acting as 
a sort of blanket, helps to prevent winter freezing of the wheat. 
Another effect of a snow cover is, of course, to reduce winter 


temperatures. The sun’s heat is reflected from the white surface 
during daylight hours, whereas, in contrast, a field of black soil 
absorbs imidi heat. Night temperatures droj) noticeably because 
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tke snow has prevented the warming of the earth’s surface during 
the day. In those parts of northeastern United States and 
Canada where winter cyclones are particularly numerous and 
well developed, such as the Upper Great Lakes Region, the St. 
Lawrence Valley, New England, and the Canadian maritime 
provinces, snow becomes excessively deep. Thus northern New 
York and parts of New England have more than 7 feet of snow¬ 
fall during an average winter, and the snow cover remains on 
the ground for more than 4 months. In parts of the Adirondack 
Mountains 150 inches or more of snow falls annually. Over the 
American Great Plains, on the other hand, the fall of snow 
amotmts to only ^0 or 30 inches. 

Seasonal Weather. In no other climate are rapid and 
irregular weather changes so characteristic as in the humid 
continental. These ‘ spells of weather,” caused by the passage 
of lows and highs, are numerous on marine west coasts, but in 
those locations temperature changes are not so severe. In 

eastern United States in particular, storm control is especially 
strong. 


It IS m the cold season, when storm tracks move south, that 
extreme weather changes occur. At that season sun control is 
much less dommant than that of moving cyclones and anti¬ 
cyclones. Changes m barometric pressure and wind velocity 
m silver. Daily temperatures often depend 
upon the direction of the wmd. Thus a north wind one day with 
n^r zero weather may be followed next day by a south wind 
temperatures 20° to 30° higher, and vice versa. Both lows 
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Storm. It is a combination of strong winds, zero cold, and 
drifting, powde^ snow. Actually, there may be no precipitation 
falling at the time, yet the air is filled to a height of several 
hundred feet by swirling masses of dry, finely pulverized snow, 
whipped up from the freshly fallen cover. Sometimes the sun 
can be seen shining wanly through the shroud of flakes. These 
storms are dangerous to both man and beast who may be caught 
long dista,nces from shelter. On the weather map of the United 
States this type of storm is associated with a well-developed 



low over the Central states followed by a high from western 
Canada and Montana. The bitter cold of the polar continental 
air mass in the high may be 20° to 40° below zero or even lower. 
The cold front advances over the country from west to east, 
the strong northwest winds often reaching the Gulf states. 
More frequent and widespread is the cold wave, of winter in 
the United States. The temperature usually drops some 20° 
in 24 hours and remains near zero for several days. The sharp 
drop in temperature, which is the cold wave, occurs when the 
wind shifts from an easterly direction to the northwest. 

Summer weather is dominantly under the influence of the 
sun. Storm tracks move northward. Weather is more uniform 
from day to day than in winter. Temperatures are much the 
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same over wide areas. Cyclones and anticyclones are weaker and 
less frequent. Clear, windy days are followed by hot, stagnant 
nights. On days of weaker winds and higher humidity, heat 
thunderstorms may develop during the warmer hours. Hot 
waves result from southerly winds combined with high sun 
and clear skies which drive midday temperatures to 100° or 
above over vast areas. Such conditions are brought about by a 
stagnant high in the south and a slow-moving, weak low, with 
little cloudiness, to the north. Anticyclones with cool, northerly 
winds are indeed welcome following such trying periods of 
blistering heat. Long, hot spells of summer weather without rain 
constitute the dreaded drought of central and eastern United 
States. The damage done by these dry periods to agricultural 
crops and Hvestock may run into millions of dollars. 

^ Spring and autumn are transition seasons. Spring especially 
IS noted for fickle weather. It is the season when the sun is 
trying to reestablish its control over cyclones, and the struggle 
results m sha^ and peculiar changes in weather. In February 
or March, owmg to abnormally warm weather, the buds of fruit 
trees may sweU and then be kiUed by a later period of freezing 
temperatmes. Autu^ ^tnesses some of the loveliest days of 
e year but likewise some of the rawest, gloomiest weather. 
A tempera^ cool nights in 

Summer""^ November brings the much cherished Indian 

Humid continental climate is divided into two subtypes: 
long-summer subtype and short-summer subtype 

^ Long-summer Sublype. This long-summer phase (Fig. 108 ) 

c„~arc^1 Lxr r 

It is aho c^ed tte oak^ple-Kclcy dtJZe. 

InX’“uidLd*afr°.l'”T 

States tbs subtype covers a tier of states from 

aeTwo f Madms, in 

aaoition to tne two states mentioned Tnwa Tvyr; • tti- • 

soattem TOsco^in and MicUgn,. Iniana. 6l*. pZnsyhZ'a 

southern New York, and thf> o+ 4 . % -rennsyivama, 

England to about Maryland^ The AmeriJ^^ southern New 

its borders Tn Ti'nrrkT^^i r corn belt lies witlaiii 

border,. In Enropa tin, clioale prerail, only in the aouth- 
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central portions of the continent; the Danube and Balkan 
States and the Po Valley of Italy. It is on the plains of the 
Danube and in the Po Valley that much of Europe’s com crop 
is grown. The third principal region is in eastern Asia, including 
northern China, southern Manchuria, most of Chosen, and 
northern Japan. In this Asiatic area, monsoon winds and 
rainfall are particularly well developed. 

Since these regions occupy the southern portions of. the 
areas having humid continental climate, they experience a rela¬ 
tively long growing season of 5 to 7 months and only moderately 
severe winters. At St. Louis, Mo., the thermometer seldom 
records zero. Summers are likely to be hot and humid, resembling 
very much the tropical rainforest climate of the Amazon Valley. 
Because the wind dies with the sunset, nights tend to be warm 
and humid, making sleep indoors a difficult matter. In the 
crowded tenement districts of large cities, people abandon the 
hot, sultry air inside their homes and seek the open parks, 
where they spend the night. This is the season during which 
many inhabitants enjoy their vacations in the north woods or 
on the cool slopes of the Rocky Mountains. 

Climatic Data—Lon'g-sxtmmer Stottpe 
Pcoritty IIL 
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Short-summer Subtype. This more severe phase of humid 
continental climate lies north of the long-summer subtype and 
between it and subarctic climate. It is sometimes referred to 
as the spring-wheat type, because of the prevalence of this 
cereal in certain areas (Fig. 110). In North America this climate 
extends from southern Alberta, North Dakota, and Minnesota 
eastward to the Atlantic. In Eurasia it includes most of Poland, 
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easteru Germany, the small Baltic States, and a large part of 
the central Russian Plain between 50° and 00° of lafitinh*. A 



‘W -ea appeals ip pp^Wp Mapeh^ia aod 

s ‘“Spped b“ 

^ growing season 


the sprmg. Winter wheat, in Canada. TIij.m was |dit«lt*«l ii 

m early autumn. Kansas, Missouri, imd llliiiais, k pkuto 
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8 to 5 montts. Long summer days of these high latitudes 
somewhat offset this disadvantage. The cooler summer weather 
of these regions is an asset in one respect, viz., in that it attracts 
thousands of tourists from more southerly localities. The long 
winter is the dominant season. In January and February, 
temperatures hover in the neighborhood of zero much of the 
time. At Winnipeg in January, daily maximum temperatures 
average 6°, and minimum temperatures —14° (Fig. 111). Annual 
precipitation in these regions is usually less than in the long- 
summer subtype, owing partly to greater distance from the sea. 
Because of continuous low winter temperatures, the snow cover 
remains on the ground for long periods of time. 


CuMATXc Data—Shokt-summer Subtypes 
Madisoriy Wis. 
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Productivity of Humid Continental Climate. This climate 
at present is one of the greatest producing climates of the earth. 
The original natural vegetation consisted mainly of a mixture 
of tail-grass prairie and deciduous woodlands. Tree growth 
was more pronounced in the more humid areas and along 
streams. In the virgin state, the prairies provided some of the 
finest natural grazing lands on the earth. Most of the grasslands, 
how-ever, have long been under cultivation, because they are 
excellent producers of field crops, especially the cereals, such as 
corn, wlu'at, oats, barley, and rye. The production of corn, 
t<)g<t.lier with certain hay and forage crops, early encouraged 
the fallening of livestock, which in turn brought into existence 
tlu^ huge inc:at-paoking industry. 

Formerly, excadlent forests existed in this type of cliinate 
in both Furo])e and North America. '’I'hc nortliern i)art of the 
tnmtral hardwood-forest belt of t,lie United Slates liiis in tlic 
long-summer subtype of this climate. Oak, maple, hickory, a,nd 



186 


ELEMENTAEY METEOBOLOGT 


birch are a few of the abundant and valuable deciduous trees 
of this belt, which extends from western Missouri northeastward 
to Pennsylvania. Large parts of this forest were destroyed in 
the process of early settlement of the Central states. Excellent 
forests of Norway pine, white pine, spruce, fir, hemlock, and 
other trees originally extended from New England to Minnesota. 
Lumber companies early attacked these fine forests, the cutting 
gradually advancing from east to west. The remaining stand 
of pine in Michigan, Wisconsin, and Minnesota today is less 
than 2 per cent of the original extent. In the Lake states alone 
there are 25 to 30 million acres of cut-over country, much of it 
of little value except as potential forest or resort land. 

Some of the richest soils m the world are found in regions 
of humid continental climate. These excellent soils have resulted 
largely from the annual growth and decay of grasses over a long 
period of time. In general, grassland soils are richer than those 
of forested areas. Probably the richest soils in North America 
are found in the so-called blach-earth belt which occupies the 
tier of states from North Dakota to Texas. Similar soils are 
ound m parts of Russia, especially in the region north of the 
ack Sea. More noticeably in the northerly portions of this 
climatic t^e, the soils show the effects of the great continental 
glaciers which moved southward from certain northern parts of 
Europe and North America. 


Subarctic Climates 

General Featees ana locatioa. Subarctic is the extreme 

m contmentd clnnates the largest annual range of tem- 

Nortb^i 13 found only in the northern parts of 

North Anr^ca and Eurasia, largely because of the fact that 

“ tempem- 

sMrhtftud^" seasons than do large water bodies at 
Similar latitudes. The poleward boundary of subarctic climif c 

(usuaUnSyf wMch 

tato 

orests, tlie Russians have given the name taiga (ti'-ga). 
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At Yakutsk, Siberia, nearly 62°N., representing the extreme 
in subarctic climate, the warmest month, July, has an average 
temperature of 66"^ which is higher than the same month at Ber¬ 
lin^ London, or San Francisco. Midday temperatures often reachi 
80^ to 90 . This is due largely to the long summer days, long 
twilight, and very short period of real darkness. For example, at 
latitude 55°N., June days average 17 hours of possible sunshine; 
and at 65°N., 22 hours. In the more northerly portions of the 
subarctic lands at the time of the summer solstice, one can read 
a paper out-of-doors even at midnight. 

Winter follows rapidly on the heels of summer, so that the 
length of the growing season is only 50 to 75 days. Even in July 
and August, freezing temperatures sometimes occur. A shift of 
the wind to the north brings with it the chill of the ice-laden 
arctic. Such conditions are serious handicaps to agricultural de^ 
velopment and have contributed largely to slow permanent set¬ 
tlement within subarctic regions. 

Siberia holds the record for low temperatures at low eleva¬ 
tions. Verkhoyansk, in the northeastern part, boasts an average 
January temperature of -59°, with an absolute minimum of 
—90 recorded in February, 1892. This, of course, is an extreme 
case.^At Yakutsk, where July averages 66°, January averages 
-46°, making an annual range of 112°. Concerning the Siberian 
winter, Hann writes: 

It is not possible to describe the terrible cold one has to endure; 
one has to experience it to appreciate it. The quicksilver (mercury) 
freezes solid and can be cut and hammered like lead; iron becomes 
brittle, and the hatchet breaks like glass; wood, depending upon the 
degree of moisture in it, becomes harder than iron and withstands the 
axe so that only completely dry wood can be split. 

Winter weather in similar latitudes of North America, how¬ 
ever, is not quite so severe as that of Siberia. 

Subarctic Eurasia and North America are largely covered by 
taiga, softwood forests which rank among the most extensive 
and least known wildernesses of the earth (Fig. 112). Conifers, 
mainly spruce, fir, larch, and pine, occupy in the neighborhood 
of 75 per cent of the area. Although the extent of these forests 
is very great, their economic value is not to be overemphasized. 
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Trees are not closely spaced, and even in the southern por¬ 
tions of the region their diameters rarely exceed 1:|- feet. These 
forests are the home of many of the earth’s most important 



only a thin stand of trees. {Courtesy of Royal Canadian Air Force.) 


fur-bearing animals, many of which are being killed at an ala#rm- 
ing rate. In general, the subarctic is a region of inferior soils, 
because the long, cold winters retard many of the processes of 
soil formation. 

Climatic Data—Sotahctic Climate 
Fort Vermilion, Alberta, Canada 
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Txmdra Climate 

ILocation. TBe most extensive tundra areas are tte Arctic 
Sea, margins of North America and Eurasia. Most of the islands 
nox’th of Canada and the coastal fringe of southern Greenland 
JSbxe likewise included. There is very little tundra^in the Southern 
Hemisphere. 

Long, bitterly cold winters and very short, cool summers are 
■tile rule (Fig. 113). Along the arctic coasts of Siberia, average 
January and February temperatures are in the neighborhood of 
35° or —40°. Winter temperatures are not so severe along the 
norttern coast of North Amer¬ 
ica.. Haw and chilly, the warm¬ 
est months of the tundra, which 
average around 35° to 45°, 
resemble March and April in 
mid-western United States. 

XJsnally only 2 to 4 months have 
average temperatures above 
freezing, and killing frost is 
likely to occur at any time. 

IBecause of the unusually long, 
cold, season, the subsoil is per- 
xiia.nently frozen. Fog some- 
•tiiaes lasts for days at a time. 

Ciriie snow cover begins to disap- 
I>ea.r in May, and the lakes are 
U-saally rid of their ice cover in 
Jxxo.e- Bog- and swampland 
dominate the landscape. Myriads of mosquitoes and black flies 
make life almost imbearable for man and beast alike during the 
Slimmer period of wet earth. Precipitation is not .over 10 or 12 
iTAckes for the year and shows a summer maximum. 

The reindeer, or caribou, is to the arctic tundra what the 
camel is to the tropical desert. These animals, together with 
•fclie musk ox, feed upon certain forms of native vegetation which 
consists of mosses, lichens, sedges, and in some localities flower- 
ing and bushy plants, together with stunted birches, willow, and 
nspen. For the arctic peoples, the reindeer provides food, cloth- 



Fig, IIS.—Average monthly temper¬ 
atures and precipitation for a repre¬ 
sentative tundra station. 
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ing, transportation, and shelter. The herds, sonicl.inu‘.s lumilx'r- 
ing several hundred, are migratory, covering extensive ar(*a,s in 
their search for food. Eskimos, who in h abit the coasts of tuinlra 
lands and who live mainly upon sea foods, are Ixang 
to tend reindeer herds in parts of Alaska. Some of ilu' ndn- 
deer meat is exported to Pacific Coast ports of the Xhuted 
States. 


Ice-cap Climate 

General Features and Location. This is the least known of 
the world’s climatic types. It is found over the perinanent con¬ 
tinental ice sheets of Antarctica and Greenland and ov(t the 
frozen ocean in the vicinity of the North Pole. Only limited cli¬ 
matic data are available from these deserts of snow and ice 
where the average temperature of no month is above 32°. The 
averse temperature of an entire year in the tropical rainforest 
is 75 to 80°, but that of the interior of the Greenland ice cap is 
estimated at —25° and at the South Pole probably colder. 
December and January, two of the warmest months at the South 
Pole, have been found to have averages of about —10*°. 

Precipitation is meager and almost entirely in the form of 
snow, much of which consists of dry, sandlike particles. Expedi- 
tions of Admiral Richard E. Byrd into the antarctic have shown 
tiiat this region has the coldest warm season on earth. Especially 
towar the edges of Antarctica, severe blizzards with winds 
having velocities of 5,0 to 75 mUes per hour are feature.^ of t he 
ehmate that mean death to any man or animal not adequately 


Mountain Climates 

and Location. Almost endless variet i<^s of 
cTnltii H ff ^ mountain mass. Atmospbm-ic^ 

of climate ^ ^ definite mountain 

intetitTSsofr"*®^^^^^^^^ ? WgH-altitude climate is the 
and thiLer ah Tr’ 

thinner air. The great relative intensity of the sun’s rays 
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attention of nearly all persons going to high eleva- 
• IJisolation is not only more intense, but it is also richer 

^ tie shorter wave lengths of energy, the violet and ultraviolet 
therefore burns and tans quickly in the mountains. 
^siTJise of the brilliant sunshine and pure air, many sanitariums 
^ire estabhshed at high elevations. Temperature decreases with 
attitxide on the average about 3° per 1,000 feet. CHmatically, 
decrease is of great importance in tropical lands. Quito, 
-t^-^f^uador, on the equator, at an elevation of 9,350 feet, has an 
average annual temperature of 54°, which is 25° lower than that 
f adjacent Amazon lowland. Mexico City, with an elevation 
7,400 feet and situated about 4° south of the Tropic of Cancer, 
lias an average January temperature of 54° and a July average 
ot White people in the tropics seek high elevations where 

eool and uniform temperatures are to be found. Mountain 
climate is similar to that of the California coast in this respect— 
ill tile sun, one feels warm; in the shade, cool. During the day, 
owitig to convection, a warm wind blows up a mountain valley; 
*tt aight, a cool wind descends from higher elevations. Cool 
cveixing breezes and low humidity are the principal climatic 
sissets of the many summer resorts of the Colorado Rockies. 

^^^inds that ascend mountain slopes are cooled by expansion. 
Oondensation of water vapor results in the formation, especially 
during midday, of huge cumulus and cumulo-nimbus clouds. 
H^recipitation in the mountains of arid lands creates “islands” 
of vegetation. Where a mountain system lies at right angles 
to llie prevailing wind, the windward slopes are likely to receive 
frequent rains. Opposite the wet side is the rain shadow. The 
nbundant precipitation in mountains is of much importance. 
T t furnishes a source of water for springs, rivers, irrigation, and 
sirlesian wells. It is responsible for the existence of many excel¬ 
lent forests and grazing lands. Occasionally, terrific downpours 
may result in floods. Glaciers and snow, especially in the Alps, 
CiFc sooBic attractions of many summer resorts. 

Summary 

In. this chapter and the preceding one we have learned that 
t;liLeres ^are many types of climate on the earth’s surface. These 
olima'tes may be classified as follows: 
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The low-latitude, or tropical, climates are of three t,vp<>.s; 

1. Tropical rainforest: 

a. Windward coasts. 

h. Monsoon variety. 

2. Tropical savanna. 

3. Low-latitude dry climate: 

a. Deserts. 

b. Steppes. 

The climates of the middle latitudes or inteniuidiate zont'.s, 
are also of three types: 

1. Middle-latitude dry climates: 

a. Deserts. 

b. Steppes. 

2. Warm, humid climates: 

a. Mediterranean. 

b. Wet subtropical. 

c. Marine west coasts, 
r8. Cold, humid climates: 

a. Humid continental (long summer and short summer). 

b. Subarctic. 

The high latitudes, or polar caps, are the regions where the 
two types of polar climates prevail; 

1. Tundra. 

2. Ice cap. 

Our study so far has been concerned mainly with the atm<).s- 
phere--temperature, pressure, wind belts, precipitation, storms, 
and climate. Precipitation causes rivers to form. Abundant 
snowfall, especially in mountains, may cause glaciers to form. 
Rivers and glaciers, together with wind-blown sand, curve 
many of the features of the earth’s surface. Our study, therefore, 
s^ts now to the solid earth’s crust, or lithosphere, and con¬ 
siders, first, its composition and, second, how its surface features 
are made. 

Questions 

mediterhanean climate 

1. ^at are the three principal features of this climate? 

5 ®Sions in this climate are alternately influenced by what wind 
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3. Name the five major regions having this climate. 

4. Contrast the temperatures of San Francisco and Red Bluff. 
Jixplain. 

6 . Why IS this climate famed for its winter weather? 

6. mat is the outstanding characteristic of the Mediterranean 
type of rainfall? 

o rainfall heavier at San Francisco than at San Diego? 

8 . Why are thunderstorms rare in southern California? 

clim^at^^''“ Irarvested in regions of Mediterranean 

10. Explain the cause and effects of a sirocco. 
chapLrd?*^”*^^ vegetation typical of this climate. What is 

thick^baS*^^^ ^ found? Why does this tree produce a 

• drying become an important industry in the 

vicinity of Fresno, Calif.? o' ^ tne 


humid subthopical climate 

14. In what three respects does this climate differ from Mediter- 

ranean climate? “ > i 

15. my does the size of a continent influence the monsoon 

tendency? 

clim^rte^°''^*‘' subtropical 

p. What IS the average length of the growing season in regions 
having this climate? 

lo temperatures in Florida and California. 

19. my are cold waves more severe in the Gulf states than in 

southeastern China? 

20 . mere do hurricanes and typhoons occur? men? 

21. Contrast summer and winter rainfall. 

22. my is the humid subtropical climate the most productive 
climate of middle latitudes? 

23. Discuss npive vegetation in this type of climate. 

24. mat agricultural crops are produced in this climate? 


MARINE WEST-COABT CLIMATE 

25. Why are marine climates located on west coasts? At what 
latitudes ? 

26. Locate the principal world regions having marine climate. 
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27. Why does this climate penetrate farther inland in Europe than 
in North America? 

28. Discuss summer and winter temperatures. How long is the 
growing season? 

29. What are the two outstanding characteristics of marine 
rainfall ? 

30. Contrast snowfalls in western Europe and the Cascades. 

31. What is the nature of rainfall? 

32. How do these regions rank in cloudiness? 

33. Where are the finest forests in the United States? What trees 
predominate ? 

34. Why are some regions in this climate noted for livestock 
production? 

HUMID CONTINENTAL CLIMATE 

35. Name and locate the world regions having this climate. 

36. Why is the annual range of temperature large ? 

37. Summer maximum in rainfall is due to what three causes? 

38. Why is maximum summer rainfall of great economic impor¬ 
tance? 

39. What is the value of snow on winter wheat land? 

40. Why are weather changes rapid and irregular? Why more so 
in winter? 

41. Where is snowfall heavier, in Kansas or in New England? 
Why? 

42. Discuss the blizzard. The cold wave. 

43. What causes a hot wave? A drought? 

44. Why is spring a season of fickle weather? What is Indian 
Summer? 

45. Name the states in the long-summer subtype. What cereal is 
typical of this climate? What trees? What is the chief objection to the 
summer climate? 

46. What regions have the short-summer type of climate? What 
cereal is imp6rtant in some of those areas ? 

47. In the short-summer subtype, what is the length of the growing 
season? 

48. In what respect are cool summers of northern Minnesota and 
Wisconsin an asset? 

49. What cereals are produced in humid continental climate? 

50. What are deciduous trees? Conifers? Name several species of 
each. Where are they foimd in humid continental climate? Which are 
hardwood? 
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SUBARCTIC CLIMATE 

poleward boundary determined? 

FraSsI?'' of San 

53. How many possible tours of sunlight are there at the time of 

summer solstice at 55°N.? 65°N.? ^ 

54. mat is the lowest temperature ever recorded at Verkhoyansk? 

55. Discuss the forests and soils of this climate. 


TUNDRA CLIMATE 

56. Locate the principal tundra regions. 

57. Describe the climate and vegetation of the tundra. 

58. In what ways is the reindeer of value to the inhabitants of 
these regions? 


ICE-CAP CLIMATE 

59. mere are the two principal regions’having this climate? 
Describe the temperature conditions. 

MOUNTAIN CLIMATE 

60. What are two characteristics of insolation in mountains? 

61- Why are many cities located at high elevations in the tropics? 
Give examples. 

6^. What are the two principal climatic assets of the Colorado 
Rockies? 

68- What type of clouds is common in summer in many mountains ? 
At what time of day ? Why ? What is the rain shadow ? Give an example. 

64. In what ways is the abundant precipitation in mountains of 
much importance? 


Suggested Activities 

1* Study three maps of the world, one showing annual rainfall, 
another the types of climate, and a third the density of population. 
Suggest as many relationships as possible, learned from the study of 

these three maps. 

2. Chicago and Rome are in about the same latitude. Contrast the 
climates of the two cities. 

8. On a large wall outline map of North America, color the climatic 
regions. Paste or pin labels on the map showing economic products of 
the diflPerent regions. 
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L Outline on a map the spring- and winter-wheat regions of North 
America. Contrast the two regions climatically. 

5. Compare the climate of Fairbanks, Alaska, with that of Bergen, 
Norway. They are not greatly different in latitude. 

6. Choose a definite location in the regions discussed in this chap¬ 
ter, and write a short paper on why yon would prefer to live in that 

particular place. ' i ' ' ' 

Note: Other activities may be found in the laboratory mamial. 

Topics tor Class Beports 

1. Economic Products of Mediterranean Countries 
Climatic Contrasts within the State of California 

3. Florida versus California as a Winter Resort State 

4. Citrus-fruit Production in the Gnlf States 

5. The Climate of India 

6. Great Deserts of the World 

7. A Comparison of the Climates of Seattle and New York 

8. The Pacific Coast Forests of the United States 

9. The Climate of Spring- and Winter-wheat Regions 
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Chapter VIII. Weather Information 
for Pilots 


International Weather Cooperation during Peace. In time 
of peace the ineteorological services, or weather bureaus, of 
nations cooperate in exchanging meteorological reports, fore¬ 
casts, and other weather information. In this way it is possible to 
keep track of storms and other weather conditions, which in 
general move across the earth from west to east. The powerful 
navy radio stations NAA and NSS, located at Aimapolis and 
San Francisco, transmit long, detailed, short-wave weather 
broadcasts twice daily. Among the information contained in 
these broadcasts are (1) reports from a long list of weather sta¬ 
tions in North America, (£) weather reports from ships and 
islands in both the Atlantic and Pacific Oceans, and (3) forecasts 
and weather summaries prepared by the U.S. Weather Bureau. 
The weather reports that are broadcast include those from, 
several stations in eastern Canada, Greenland, and Iceland. 
European nations are interested in those broadcasts, which make 
it possible for them to plan and carry out more intelligently 
activities that are affected by the weather. Meteorologists in 
foreign countries and many sea captains construct daily weather 
maps from the reports broadcast. These maps show a picture of 
present weather conditions, and they indicate the likely weather 
changes. 

U.S. Peacetime Aviation Weather Service. In our country 
many Civil Aeronautics Administration communication stations 
broadcast weather reports and forecasts at hourly intervals, or 
oftener. Pilots in flight may make contact with these stations at 
any time for information. At Weather Bureau airport stations 
weather charts and reports may be examined. Forecasters and 
other personnel on duty are available for detailed discussion of 
weather conditions. 
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War Stops latemational Weather Service.^ The mentioned 
broadcasts by NAA and NSS are not made m time of war. To do 
so would mean that friend and foe alike would be able to receive 
the information. Further, ships at sea do not send radio repoi ts of 
their weather observations, because such reports would reveal 
the weather conditions, as weU as their whereabouts, to the 
enemy. A report, to be worth anything, must include a ship s 
position in terms of latitude and longitude. In time of war, con¬ 
trol of such localities as Greenland and Iceland is desired partly 
because of the importance of weather information, which can ol 
course be very helpful to those who are able to obtain this data. 

War Weather Service for Aviation in the United States. 1 he 
Weather Bureau is as important in war as m peace, but its 
services cannot be made fully available to the public during war. 
This is necessary in order to keep th^e information out of tbe 
hands of the enemy. Broadcasts for aviation and other activities 
are modiEed, and a different type of service is made available at 
weather ofdces. Therefore pilots and others may obtain needed 
information, but the Weather Bureau avoids revealing the type 
of weather data that would be useful to the enemy. 

The Descriptions in This Chapter. The weather services 
described in this chapter are those that are available to any 
person during times of peace, hut they are for the most part 
greatly modified during time of war. The reading of teletype 
weather reports and weather maps is covered in detail. The pilot 
should learn these things if he expects to get the maximum 
amount of information that can be had at an airport weather 
office. 


Information Sources 

The three principal sources of weather information available 
to the pilot are (1) the services of the U.S. Weather Bureau; (2) 
the weather staffs of commercial air lines, and other private 
meteorologists; (3) the pilot’s own observations, and deductions 
based on his training and experience. 

U.S. Weathee Bueeau 


The Weather Bureau has kept abreast with the development 
of aviation and is alert to the pilot’s need for weather informa- 
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tion. It has given much attention to ways and means of furnish¬ 
ing information for both local and cross-country flying. 

Development of the Weather Bureau. Since 1940 the 
Weather Bureau has been a part of the Department of Com¬ 
merce, but it was formerly in the Department of Agriculture. It 
was originally established to forecast storms on the Great Lakes 
so that shipping losses could be lessened. Its usefulness for other 
purposes was soon recognized. Summaries of its daily weather 
observations make it possible to learn about the climate in all 
parts of the country. Forecasts of coming weather conditions for 
about two days ahead are helpful to agriculture, industry, 
transportation, and many other activities. For many years the 
bureau has forecast the approach of storms, temperature 
changes, precipitation, and wind conditions. 

Weather Information Needs of Aviation. The weather 
information that a pilot requires is much different from that 
needed in other activities. He is not primarily interested in what 
the weather will be tomorrow but is more concerned with the 
existing weather conditions in the area in which his flight will be 
made. Further, he wants to be fully informed about any weather 
changes that are expected before the completion of his flight. 
Mere predictions of temperature changes and precipitation possi¬ 
bilities are not sufficient for aviation. The pilot who makes a 
local flight for pleasure or training purposes needs to know the 
surface wind direction and velocity, and whether or not the wind 
is gusty, i.e., fluctuating in velocity. This information is needed 
for landing and taking off. Other things of interest to him are the 
ceiling, which is the distance between the ground and the bases of 
clouds present; the possibility of the occurrence of fog; and the 
possibility of ice formation in his carburetor. The pilot who 
intends to make a cross-country flight is interested in those and 
many other things such as the wind direction and velocity at 
various flight levels; the likelihood of ice formation on his air¬ 
plane; bumpiness, or turbulence of the air, which was formerly 
known as “air pockets”; and the possibility of thunderstorms. 

Type of Forecasts for Aviation. Since it is not now practi¬ 
cable to predict for 2 days ahead such details as ceiling and visi¬ 
bility, forecasts for aviation are made for only 8 hours in 
advance. However, this shorter forecast period is sufficiently long 
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for aviation purposes, for long trips may be made before tbe end 
of 8 tours. 

Weather Bureau Help to Aviation. To meet the special 
needs of aviation the Weather Bureau has established at airports 
a dense network of stations (Fig. 114). Stations located along the 
airways report the surface weather conditions each hour, whereas 
other stations make reports every 3 or 6 hours. Some of the 
stations have facilities for determining and reporting the wind 
direction and velocity at various flight levels. A smaller number 



{Courtesy of U.S. Weather Bureau.) 


Fig. 114.— Eighteen-foot wind vane and anemometer mounted on platform on 
roof of observatory, together with large-sized shelter on 5-foot steel support and theodo¬ 
lite for pilot-balloon observations. 

have special equipment for determining the temperature, humid¬ 
ity, and pressure values in the atmosphere high above the earth. 
At all these stations the weather is constantly watched, and any 
important change in the weather is reported at once. 

Meteorological help is available at a typical Weather Bureau 
airport station as follows: 

1. State forecasts 

2. Up-to-the-minute surface and upper-air reports from ■ 
many stations within hundreds of miles 

3. Surface and upper-air weather maps drawn locally every 
6 hours are on display and may be studied 

4. Forecasts in terms of flying conditions are on file for the 
region as a whole and for many important surrounding airports. 
Forecasts can be obtained for special trips 
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5. Trained bureau personnel are on duty day and nigbt and 
are available for consultation and advice 

6. A-Ccess to communication services 

State Forecasts 

_ This type of forecast is of interest to pilots from the stand- 
point of planning activities for the following day or two. Issued 
every 6 hours, they describe weather conditions that are expected 
to exist a day or so in advance. For example, let us suppose that a 
pilot plans to fly from St. Louis to Xansas City early on Thurs¬ 
day morning. By phonmg the airport weather office on Wednes¬ 
day he would receive the State forecast as follows; 

Missouri: strong winds tonight, diminishing Thursday forenoon; 
showers early tonight; some light snow south portion late tonight; 
somewhat colder late tonight and Thursday forenoon. 

This forecast shows that favorable weather conditions on 
Thursday would be likely. If a small Hght plane is to be flown, the 
pilot would not leave until the wind decreased in velocity. 

Houelt Surface Weather Reports 

When Taken and How Reported. The hundreds of weather 
stations located on the civil airways record and report the 
weather conditions each hour. These reports are known as 
“sequence” I'eports because each station in a particular group, or 
circuit, follows another definite station when making its report. 
By means of a teletype systena the reports are rapidly exchanged 
between stations. The weather conditions reported that are of 
interest to pilots are as follows: weather classification, type of 
report, time of report, ceiling, sky conditions, visibility, weather 
conditions, obstructions to vision, barometric pressure, tempera¬ 
ture, dew point, surface wind direction and velocity, altimeter 
setting, remarks, and special data. 

^ ' For purposes of brevity, all parts of a report are sent in 
terms of ciphers, symbols, or abbreviations. Elements always are 
transmitted in the same order so that any person after sufficient 
practice is able to decode reports. All pilots should learn to do so. 
Some representative reports are shown on page 213. Their mean- 
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ings are given on page S14. The reports consist of the following 
items: 

Station Call Letters. Each station is represented by a grctup 
of two or three call letters. They are often the first two letters of 
the name of the station, the first and last letter, or the first letter 
and another significant letter. Pilots learn the call letters of 
stations in their localities quickly; others can be learned as 
needed. Call letters of some of the stations are as follows: 


AZ 

Albany, N.Y. 

OL 

Oldahoma City, Olda. 

BJ 

Buffalo, N.Y. 

PH 

Phoenix, Ariz. 

JG 

Burlington, Vt. 

PT 

Pittsburgh, Pa. 

CO 

Columbus, Obio 

PW 

Portland, Me. 

DV 

Denver, Colo. 

PD 

Portland, Ore. 

DT 

Detroit, Mich. 

EC 

Bochester, N.Y, 

EA 

Elmira, N.Y. 

sz 

Sacramento, Calif. 

ID 

Indianapolis, Ind. 

LS 

St. Louis, Mo. 

HT 

Hartford, Conn. 

SL 

Salt Lake City, Utah 

KC 

Kansas City, Mo. 

SA 

Seattle, Wash. 

MP 

Minneapolis, Minn. 

ZD 

Springfield, Ill. 

NK 

Newark, N.J. 

SR 

Syracuse, N.Y. 


Classification of Report. The Civil Aeronautics Administra¬ 
tion has established so-called controlled zones around certain 
important and busy airports. Special traffic rules based on 
weather conditions apply at those locations. Weather stations 
located within controlled zones classify their weather reports as 
X, N, or C. Ceiling and visibility conditions determine the 
weather classification. When the weather conditions are so poor 
as to be classified as X, landings and take-offs are not permitted. 
In N weather, flights are allowed, but the airplane must be 
equipped with “blind flying” instruments. Flight is not re¬ 
stricted in C, or contact, weather. 

T^e of Report. Most reports are the regular type that are 
sent in sequence each hour. When changes in the weather that 
are important to flying occur, a special report is made. A special 
repoit may also be transmitted at times between regular se¬ 
quence reports, or it may be labeled “Spl” and sent with a 
regular sequence group. 

Time of Report. The 24-hour clock is used to designate the 
time of a report or sequence of reports. The time zone is also 
shown. Examples are as follows: 




WEATHER INFORMATION FOR PI I4O T S £03 

O030C 1£;30 A.M. Central War Time 

0357E 3:57 a.m. Eastern War Time 

lUOM 1£:40 P.M. Mountain War Time 
1830P 6:30 p.m. Pacific War Time 

It will be noticed that, if tlie time is given as 1300 or more, 1£ is 
subtracted and the remainder is labeled p.m. 


{CouHesy of U.S. Weather Bureau.) 

B^ia. 115.—rnflation balance used for “definite” inflation. (0) Three-way stopcock; 
(L) hydrogen line; (N) filler nozzle; (V) small rubber tube; (IF) counterweight. 


Ceiling. The ceiling is the first weather element reported. 
It is the distance between the ground and the base of the lowest 
cloud layer that covers more than one-half of the dome of the 
shy. The ceiling is reported in hundreds of feet, but if more than 
10,000 feet it is known as “unlimited.” 

During the daytime, ceilings are determined by means of smaU 
rubber balloons known as ceiling balloons. They are inflated 
with just enough hydrogen or helium to give them an ascensic- 
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rate of about 400 feet per minute. By noting the elapsed time 
between the time of release and the time the balloon enters the 
cloud base, the ceiling is readily determined. Figure 115 shows a 
balloon being inflated. At night the ceiling is deter mined by 
directing toward the cloud a vertical beam of light which makes a 



(_Qourtesy of U.S. Weather Bureau.) 

Fig. 115.—Ceiling-liglit projector, complete with mounting. 

light spot on the cloud base. Figure 116 shows a ceiling light 
projector. The vertical angle of the spot is measured with a 
clinometer (Fig. 117). The ceiling value may then be found by 
multiplying the tangent of the vertical angle by the base line 
(distance of projector from the observer) (Fig. 118). 

If measuring devices are not available, ceilings may be esti¬ 
mated. The various types of clouds are normally found within 
certain ranges of ceding values. Therefore, the type of cloud 



{Courtesy of XJ.S. Weather Bureau.) 
¥m* 117."--CliiioriU‘ter. An instrument designed for observing ceiling heights. Used 
to sight on the spot of light thrown against the cloud base by the ceiling light. From 
the angle indicated and a special table the cloud height is readily found. These heights 
are simply trigonometric computations, based on the known distance between the 
ceiling light and the clinometer, and the angular settings of these instruments. 

fe^et or higher:, the symbol is followed by a slanted line. Symbols 
and their roeanings are as follows: 

O Clear (clotids cover less than one-tenth of the sky) 

© Scattered (clouds cover one-tenth to hve-tentlis of the sky) 
dD Broken (clotids cover six-tenths to nine-tenths of the sky) 

© Overcast (clouds cover more than nine-tenths of the sky) 
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present suggests its height. Conversely, when ceiling values are 
known, the type of cloud present is indicated. Ceilings are 
reported as follows: 

47 4,700 feet 
0 50 feet or less 

E15V Estimated 1,500 feet and variable 
Figure omitted 10,000 feet or more 

+30 Greater than 3,000 feet; balloon blown out 
of sight 

Sky Condition. Symbols are used to represent the portion of 
the sky that is covered with clouds. If the cloud layer is 10,000 
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No symbol is used if the sky is obscured by dense fog or 
snow. Ceilings are unlimited when the sky condition is clear o* 



Fig. 118.—Diagram, showing relation of projector and angle-measuring device. 


scattered. The estimated height of scattered clouds is shown by a 
figure preceding the scattered symbol. Examples are as follows: 

0/30 ® High overcast, lower scattered at 3,000 feet 
CD/70 (D Highi broken, lower scattered at 7,000 feet 
— 0/ High thin overcast (minus sign ahead of symbol indicates thin) 
+(D Dark lower broken (plus sign ahead of symbol indicates dark) 

Visibility. With reference to weather reports, visibility is 
defined as the greatest distance, at the surface, which one may 
see large objects such as hills, buildings, and smokestacks. 
Unfortunately, visibility conditions may be entirely different at 
flight levels, but the reports are valuable as information for 
take-offs and landings. The visibility is shown in miles or frac¬ 
tions thereof. When it is 10 miles or more, the value is omitted- 
Values are recorded as follows: 
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6 6 miles 

1/8 I mile 
^ 1/S Sj miles 

Figure omitted 10 miles or greater 
0 Visibility zero 
IV 1 mile, variable 


Weather. In weather reports, the term weather^’ is 
applied to the occurrence of thunderstorms, tornadoes, and vari¬ 
ous forms of precipitation. Abbreviations are used, such as R for 
rain. The abbreviation is followed by + if of heavy intensity, — 
if of light; if the intensity is moderate, the symbol stands alone. 
The following are examples: 


A Hail 
AP Small hail 
E Sleet 
L Drizzle 
R Bain 

BQ Bain squall 
BW Bain showers 
S Snow 


SP Snow pellets 
SQ Snow squalls 
SW Snow showers 
T Thunderstorm 
Tornado Tornado (always spelled 
out) 

ZL Freezing drizzle 
ZB Freezing rain 


Obstructions to Vision. By obstructions to vision is meant 
sucli phenomena as fog, smoke, and haze. These elements are 
represented by abbreviations, such as F for fog, K for smoke, and 
H for haze. The degree of visibility is determined largely by the 
presence or absence of precipitation and other obstructions to 
vision. It is therefore appropriate in a weather report that those 
symbols follow the visibility value. Obstruction to vision symbols 
are 


BD Blowing dust 
BN Blowing sand 
BS Blowing snow 
D Dust 
F Fog 


GF Ground fog 
GS Drifting snow 
H Hazy 
IF Ice fog 
K Smoke 


Barometric Pressure. The station barometric pressure, con¬ 
verted to sea level, is shown by three digits which represent tens, 
units, and tenths of millibars. Atmospheric pressure is deter¬ 
mined chiefly by two factors, the elevation of the station above 
sea level and the existing weather conditions. In order to draw 
weather maps, station pressures are changed to the values they 



{Courtesy of C^A.A.) 


!Pig. 120,—Barograph trace. 
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would be if tbe station were located at sea level. Figure 119 
shows a type of barograph used at airport weather stations. 


Fig. 121.—Cotton-region instrument shelter, door opened. Handle of psychromefer 
fan at right. (Large standard shelter on 6-foot steel support in background.) 

Figure 120 shows a representative barograph trace. The following 
are typical pressure values as reported: 

132 1013.2 millibars 
224 1022.4 millibars 

093 999.3 millibars 

Temperature. The shade temperature of the air is shown m 
degrees Fahrenheit. In Figs. 121 and 122 are shown an instru¬ 
ment shelter, thermometers, and psychroineter fan. 
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Dew Point. The dew point is the temperature at which the 
air would be saturated with its existing water-vapor content. It is 
expressed in degrees Fahrenheit, and pilots watch its value very 
closely. Temperature and dew-point values are reported as follows: 

60/59 temperatiire 60®, dew point 59° 

5/—2 temperatxare 5°, dew point below zero 


Wind. The direction of the wind is reported to 16 points. 
Arrows that fly with the wind are used as symbols. 



{Courtesy of U,S. Weather Bureau.) 
Fig. —^View of right-hand of cotton-region shelter showing psychro meter fan and 

psychrometer. 


Figure 123 shows a wind-direction and velocity indicator. 
The wind vane is wired to the wind direction and velocity indica¬ 
tor in such a way that the direction can be read to 16 points. For 
example, when the wind is from the west-northwest, both the 
west and northwest lights show. 

At airports the wind velocity is measured with a special air¬ 
way type three-cup anemometer. It is geared in such a way that 
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an electric circuit in the office is closed each time one-sixtieth of 
a mile of wind passes the instrument. The light in the center of 
the wind-direction and velocity indicator flashes on each time the 
aiu'uioineter circuit closes. A buzzer arrangement can also be 
switc^hetl in. By counting the number of flashes or buzzes for 


{Courtesy of U.S. Weather Bureau.) 

Fig. 12S.—Wmd-directioE and velocity indicator, nine liglits. 


1 minute, the velocity of the wind is determined in miles per 
hour. 

Gusty conditions are reported by placing minus or plus signs 
after the wind velocity. A minus sign indicates fresh gusts, and 
a plus sign means strong gusts. 

One of the most useful parts of a report is that concerning the 
occurrence of a “wind shift.” Wind shifts signify a change from 




212 


ELEMENTARY METEOROLOGY 


one type of weather to another. Also, it is in the vicinity of wind- 
shift areas that the poorest flying conditions occur. Therefore 
both the forecaster and the pilot are furnished valuable informa¬ 
tion when a wind shift is reported. The following are examples of 
wind reports: 


\ 

t 

tv 

I 14- 
/■SOE-f 

c 

Niis/aissE- 
-^27 I 231SC-t- 


Wind blows from tbe southeast 

South, wind 

South-southeast wind 

West-southwest, 16 miles per hour 

North, 14 miles per hour, fresh gusts 

Southwest, 30 miles per hour, estimated, strong gusts 

Calm (anemometer cups not turning) 

Mild wind shift from southwest to northwest at 9:5£ p.m. 
Eastern War Time;* now IS miles per hour. 

Severe wind shift from south to west at 11:1S P-M. 

Central War Time; now ^7 miles per hour. 


Altimeter Setting. The altimeter setting is expressed in 
inches and hundredths of inches of mercury. For brevity, the 
tens of inches are omitted in the report. The altimeter setting is a 
sea-level expression of the station pressure value. Prior to land¬ 
ings it is radioed to pilots so that their altimeters can be adjusted 
and will then read correctly while landing. When ceilings are low 
and visibility poor, it is essential that the altimeter register 
correctly.-The following examples are typical altimeter settings 
as transmitted by teletype; 

953 29.53 inches 
978 29.78 inches 
000 30.00 inches 
022 30.22 inches 


Remarks. Plain-laitguage remarks in abbreviated form are 
reported in tke cases of significant phenomena for which provi¬ 
sion was not made in the report. Several types of remarks fre¬ 
quently used are: 

(DTPG MTNS Clouds are topping the mountains 
+ 0 SW Clouds are dark toward the southwest 

2r NE Eog bank to northeast, visibility in that 

direction is 2 miles 

Special Data. Every 3 hours, pressure trends, cloud types, 
and other conditions are reported in numeral code. These data 
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are of interest to forecasters, and maps and forecasts are based on 
the values reported. 

Hotthlt Sequence Reports 

211 . 53525 ; 

WJ C SPL 1O07CD4F-H 156/51/47t\,8/997/VSBY NE 6 

ITQ SPL 9 e 11/2RW-GF- 50/49 /’S 

NX E8©11/2R-F- 159/50/49 \ 6/999 

TBM OOL-FF 149/46/461’\4/994 

LG N 803RW-K- 152/52/48\ 10/997 

FB N 5021/2P- 147/50/48 X8/995 

TNV SPL 17©(ID7 163/50/46\5/000/ 0 VdD 

JIT Q gpL E35©10® 6R-F- 159/51/4617/999 

PN E25©(I8 50/47/'7 

PRC-0/25CD 166/58/46'!'\10/001/BINOVC 
BW C E40 (I) (11)7 156/58/46\8/998/RARAU 
CN C SPL E15©5H 159/50/45->4/998/RARAU 
PW C-©/,30 (D 156/58/45<-\ 6/998 
AWC-(D)/80© 156/58/43'['/'9/998 
BB C-OD/ 159/58/42'|'19+/999 
MTC O 149/58/40116/995 

Special Observations 

What They Are and How They Are Used. Occasionally a 
decided change in the weather occurs between the regularly 
scheduled times for hourly observations. A special observation is 
made and filed any time that a weather change might be of 
interest to a pilot or forecaster. They are immediately trans¬ 
mitted by teletype to other stations and broadcast to pilots in 
flight. Among conditions for which special observations are made 
are the following: 

1. Changc.s in the weather which result in a changed classi¬ 
fication (X, N, or C). 

2. Beginning or ending of precipitation. 

3. Change from rain to sleet or other types of precipitation. 

4. Beginning or ending of hail. 

5. Beginning or ending, or a change in intensity, of thunder¬ 
storms. 

6. Certain changes in cloudiness and ceiling heights. 

7. Beginning or ending of fog. 

8. Certain changes in visibility. 

9. Specified changes in wind direction or velocity. 

10. A significant change in the altimeter setting. 
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Translation op Hotolt 


Station 

Classifi¬ 

cation 

Type 

Ceiling^ 

Feet 

Sky 

Condition 

Visi- 

hility^ 

Miles 

Weather 

Westfield 

Contact 

Special 

1,000 

Overcast; 

4 






lower 
scattered 
700 feet 



Colmnbiaville 

Not clas- 

Special 

900 

Overcast 

n 

Light rain 


sified 





showers 

New Hackensack 

Not clas- 

Regular 

Estimated 

Overcast 


Light rain 


sified 


800 




Bear Mountain 

Not clas- 

Regular 

Zero 

Not visible 

Zero 

Light 


sified 





drizzle 

La Guardia Field 

Instrument 

Regular 

800 

Overcasrt 

3 

Light rain 







showers 

Floyd Bermett Field 

Instrument 

Regular 

500 

Overcast 

a 


New Haven 

Not clas- 

Special 

1,700 

Overcast; 

7 



sified 



lower 

broken 



Hartford 

Contact 

Special 

Estimated 

Overcast; 

6 

Light rain 

Putnam 



3,500 

lower 
scattered 
1,000 feet 



Not clas- 

Regular 

Estimated 

Overcast; 

8 


Providence 

sified 


2,500 

lower 

broken 



Contact 

Regular 

Unlimited 

High thin 

10 or 


Boston 




overcast; 
lower 
scattered 
2,500 feet 

more 


Contact 

Regular 

Estimated 

Scattered; 

7 





4,000 

lower 



Concord 


# 


broken 



Contact 

Special 

Estimated 

Overcast 

5 


Portland 



1,500 




Contact 

Regular 

Unlimited 

High thin 

10 or 






scattered; 

lower 

scattered 

more 

i 

Augusta 

Contact 

Regular 

Unlimited 

3,000 feet 
High thin 

10 or 






broken; 

lower 

more 






scattered 



Bangor 

Contact 

Regular 

Unlimited 

3,000 feet 
High thin 

10 or 


Millinocket 

Contact 

Regular 

Unlimited 

broken 

Clear 

more 

10 or 

more 
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Sl'XiUKMC’K IllOPORTH 


OhdructUms 
io Visioti 

/V<’,s*- 

i^urcy 

mb 

7Vm- 

pera- 

iure 

Deio 

Point 

Wind 

Direc¬ 

tion 

Wind 

V elocity, 
mph 1 

Altim¬ 

eter 

Setting 

Remarks 

Light fog; 

1,015.0 

51 

47 

S-SE 

8 

29.97 

Visibility toward 

ha^e 







NE, 6 miles 

laglit ground 


50 

49 

sw 

3 



fog 








Light fog 

1,015.9 

50 

49 

SE 

6 

29.99 


Dense fog 

1,014.9 

46 

46 

S-SE 

4 

29.94 


I^ight smoke 

1,015.^ 

52 

48 

SE 

10 

29.97 


Ligfit fog 

1,014.7 

50 

48 

SE 

8 

29.95 



1,016.3 

50 

46 

SE 

5 

30.00 

Variable scat- 








tered to broken 

Light fog 

1,015.9 

51 

46 

S 

7 

29.99 




f.O 

47 

SW 

7 




1,016.6 

58 

46 

SSE 

10 

30.01 

Breaks in over¬ 








cast 


1,015.6 

58 

46 

SE 

8 

29.98 

Radio range un¬ 








reliable 

IlasBe 

1,015,0 

50 

45 

W 

4 

29.98 

Radio range un¬ 








reliable 


1,015.6 

58 

45 

E-BE 

0 

29.98 



1,015.6 

58 

4B 

s-sw 

9 

29.08 



1,015.0 

> 58 

42 

s 

19 

29.99 







strong gusts 

i 



1,014.0 

> 58 

40 

s 

16 

29.95 
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Winds Aloft 

What They Are. Neither the wind direction nor it s vediKnty 
has the same values at different elevations above l.h<‘ .sin-fa<-(>. 
In hourly sequenee reports, the wind direction and vc'locnty rt'iVr 
to conditions at or near the surface of the earth. By the term 
“wmds aloft” is meant the wind values at various elevations 
above the earth.^ Wind velocities aloft are usually greater t Imn 
the surface velocity. HiUs, forests, and buildings tend to <Iinuiiish 
surface velocities. At an elevation of 2,000 feet, tlie wind velocity 
IS likely to he twice the surface value. In our part of tlu^ W( )rh i. nt 
elevations of 3 or 4 miles or more, the wind blows almost c'oii- 
s an y from directions between southwest and nortliAvt'st. 


vvmDS ilLOFT SEQUENCE 

SRIS 01011 0603 22408 2414 42520 2627 62729 2730 82632 

™16 26S4^«J^ 

^17 01813 1819 22014 2210 42409 2808 63410 3512 83516 
LG18 01808 1807 20904 
HT18 PIEA 
OJ18PICO 

BW17 01412 1818 21821 1824 

PEHlS 01706 1808 21804 0502 40108 3518 
PW18 PIFI 
HMW19 PIPI 

IB17 01715 1720 21819 1915 41914 2116 62218 2318 

'-''■■•-I 

to det’e^S’ tte I' 

a known ascension rate when released ^The'that they hav«^ 
through a telescope which is a IZZ l l a watclH^l 

ment resembles a surveyor’s transit and ’ bistru- 

vertical and horizontal angles that the bllJr"^ to measure the 
carried with, tlie winds at varimT? a! +• ^^kes as it is 

a small lantern is attached, and the light is oh 

observations. ^ during night 

How Winds Aloft Reports Are Used Tu j 
during the pilot balloon observation are^readiw'^''^"' tabuhAed 

y converted into 
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values of wind velocity and direction at 1,000-foot intervals 
above sea level. By means of teletype communication, winds 



(Official photograph, U.S. Navy.) 

IxG. Night balloon readings aboard U.S.S. Wright. 


aloft reports are exclianged so that stations have reports from all 
parts of the country. Most airport weather stations prepare 
winds aloft cliarts. Figure 125 shows a chart prepared from 
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observations made at 5 p.m. on April 18, 1940. Such charts are 
considered when preparing weather, forecasts. Pilots use them in 
selecting flight altitudes. An attempt is made to select flight 
elevations where tail winds prevail or where head winds have 
low velocities. 



Pxa. m.-Wi.d.-a]oft chart for 1700 E.S.T., AprU 18. 104“ 

arecodedbdSetaymtenVtoSier^’t* “1?** obserrations 
is necessary in order to . 7 7“ 

on pase SlLbowsT t™iolr^“r„f r”"* 
in this sequence is translated as folloTO 
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As coded 

Translation 

SR 18 

Syracuse, N.Y., 6 p.m. (24-hour clock) 


Feet above 

Wind Directiony 

Wind Velocity, 


Sea Level 

SQO-degrree Scale 

Miles per Hour 

0 10 11 

0 (at surface) 

100 ° 

11 

06 03 

1,000 

60° 

S 

^ U 08 

2,000 

240° 

8 

M 14 

S,()00 

240° 

14 

4 ^5 ^0 

4,000 

250° 

20 

26 27 

5,000 

260° 

27 

6 27 29 

6,000 

270° 

29 

27 so 

7,000 

270° 

30 

8 26 S2 

8,000 

260° 

32 


It will be noted that wlicn coding the wind direction, the 
zero in the unit i)Iace is omitted. Also, the figure is omitted 
which designates the elevation for the odd thousands of feet 
of elevation. 

The other station designators in this table are as follows: 

IIltF Burlington, Vt. (City Oflice) 

A7j All>a,ny, N.Y. (Municipal Airport) 

IXf La Giiardia Field, New York, N.Y. 

IIT Hartford, Conn. (Brainard Field) 

OJ Springfield, Mass. (Westover Fi<'ld) 

BW Bo.st.()n, Mass. (Aliinicipal Airport) 

PFdl Nantucket, Mass. 

rW Portland, Me, (Municipal Airport) 

IlMW Mount Washington, NJl. 

IB Caribou, Me. (Municipal Airport.) 

PIRA, which sLaucls for pilot balloon and rain, is sent wlion no 
observation is made because of rain. PK’O is transniittc'd when 
low clouds prevent an ol)scrvation. Plb^I means an obsc^i'vation 
was not filed for transmission. 

StruPACK Weather Maps fok Aviation 

When and How They Are Made. At 2:30 and 8 :.30 a.m. and 
p.M. Eastern War Time all stations make very comphvl.e rei)orts 
of weather conditions wbich are important for map making and 
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are 


forec^ The reports do not resemble hourly reports but a 

sent j^'^timeral code. Stations exchange these reports by means 
of tew and other methods of communication. At most airport 
stati(\^^ A weather map is prepared every 6 hours. This is done 


COMPLETE U.S. MODEL 


Mhcj (Beaufort 5) - r . 

/piifes andienth^}^^^. ^ , ^ 

Visi%y,^yj(code) .H3/!? 

degrees /T-—--^ 30 />- 

6*y/77^o/.‘;-'"'66/2>r. 

Cei/ir,^ ^ jiundreds offeef - ^2841 


~ Higher doads 
—Middle douds ofnd direcfion 
-Snoiv on ground (code) 
-Pressure in mH/ibars 
,'Pressure chotnge and amount 
■'Time ofprecfpihiion (code) 
■-Past weather 

"“Amount of (oivest douds (code) 
"'Predp/fortion in inches 
"* Height ofiowesf douds (code) 
" Special phenomena 


Fig X<^»y ^.- Station model adopted by the U.S* Weather Bureau on August 1 , 1942. 
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(CourU’Jty of U.H. Wenther Ihircuu.) 

Fig. X ii^B.--Table of symbols. Columns ww to 0 show map wt^alher symbols, Fhe 
filled-in portion of the <‘ir(*les in eolumu N represimt the approxitnale portion of the 
sky whicli. is covere<l with clouds. Columns Cty Cm, an<l (hi <*ontn,in symbols rt'prtsseiiliiig 
low, meditiiu, and high altitude clouds. The symbols in <‘ohimn a represent the trend 
of the bairoi^ruph trace during the three hours prior to a reiiort. 


by decoding the reports and entering on base maps the values of 
the eleiicients rcporLcd (Fig. 126). The rc'port from each station is 
entered- iirouiid the circle that represents that ])art.icular station 
(Fig. l^T). The state of weather symbols, and the cloud and 
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pressure change symbols are shown in Fig. 128. The meaT,- of 
some of the map weather symbols are as follows (see Fig ^fs) : 


oo 

e 

9*9 


© 


Haze 
Pog 

Signs of tropical storm 
Bust or sand storm 
Continuous moderate drizzle 
Intermittent moderate rain 
Continuous heavy snow in flakes 
Showers of heavy rain 
Thunderstorm 




^ Cumulus of fine weather 

Bayer of stratus or stratocumulus 
Low broken-up clouds of bad weather 
Cumulonimbus 
Typical altostratus, thin 
•V—r Veil of cirrostratus covering the whole sky. 

The arrows fly with the wind. Thus, the wind indicated in Fig.' 
127 IS blowmg from the northwest. The wind velocity is shown by 

W oTb^ f t ^ ^ represents a Beaufort 

in rLbie irp.grLr"”*' ‘ 

renS^tt isobars, are drawn to connect stations that 

Zrof hil"“"^ These lines encircle large 

thrcasL^oftr*^ “lasses are labeled in blue in 

tronlT onginatmg m the north, whereas those from 

Hues on shown in red. Frontal surfaces appear as 

hnes on the surface map. Cold fronts are shown in blue, warm 

WedDitab ’ 

precipitation is occurring are shaded green. 

weather map presents to 
the pilot a picture of weather conditions over a large area It 
helps him to understand the official forecast. After looLg at the 
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map he will have a much better understanding of the weather 
conditions he will encounter during flight and will know better 


Beau¬ 

fort 

Num¬ 

ber 

Map 

Symbol 

Descriptive 
Wor 

Velocityj 
Miles per 
Hour . 

0 

o 

i,Calm. 

Less than 1 

1 

V-..—Q 


1-3. 

9. 


Light. 

4-7... 

S 


Gentle...... 

8-1 a. 

4 


Moderate. . . 

13-18. 

5 


Fresh. 

10-^4. 

6 



95-Sl . 

7 


Strong. 

$9-SS . 

8 



30-46 

9 

mv_o 

Gale.. 

47-54. 

10 

m_o 


55-63.. 

11 


Whole gale.. 

64-75. 

n 

mo 

Hurricane... 

Above 75... 


Specifications for Estimating 
Velocities 


Smoke rises vertically. 

Direction of wind shown by 
smoke drift but not by wind 
vanes. 

Wind felt on face; leaves rustle; 
ordinary vane moved by wind. 

Leaves and small twigs in con¬ 
stant motion, wind extends 
light flag. 

Eaises dust and loose paper; 
small branches are moved. 

Small trees in leaf begin sway; 
crested wavelets form on in¬ 
land water. 

Large branches in motion; whis¬ 
tling heard in telegraph wires; 
umbrellas used with diiBSiculty. 

Whole trees in motion; incon¬ 
venience felt in walking 
against the wind. 

Breaks twigs off trees; generally 
impedes progress. 

Slight structural damage occurs 
(chimney pots and slate re¬ 
moved). 

Trees uprooted; considerable 
structural damage occurs. 

Rarely experienced; accom¬ 
panied by widespread damage. 


^ Except *‘calm,” these terms not to be used in reports of velocity, 

what to do if poor conditions develop. The forecaster bases his 
forecasts on the surface map together with charts of upper-air 
conditions, preceding charts, and other data. 
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Winds Aloet Charts 

How They Are Prepared. At most airports winds aloft 
charts are prepared every 6 hours. On these charts the wind 
di-ection is shown by an arrow flying with the wind, and direc¬ 
tions are indicated to 16 points of the compass. The velocity is 
indicated in miles per hour instead of by means of the Beaufort 
scale, as is the case on the surface map. The directions and 
velocities of winds aloft are plotted for even thousands of feet 
above sea level for each station. 

Uses of Winds Aloft Charts. The pilot may see at a glance 
the air currents at various flight levels. Winds aloft charts also 
show him possibilities of shifts in wind directions and velocity. 
These charts are useful in the preparation of forecasts. 


Airway Forecasts 

At district forecast centers a large staff of forecasters and map 
men are on duty 24 hours a day. They prepare a variety of maps, 
supplementary charts, and diagrams useful in forecasting. At 
these centers, forecasts are prepared every 6 hours for the various 
airways and for important terminals, or airports, in the district. 
Ihe forecasts are in general distributed to other stations by 
teletype and are. broadcast to pilots in flight. The forecasts are 
tor a period 8 hours in advance. A typical forecast, abbreviated 
as transmitted by teletype, is as follows: 


OVC AT 1 S 5 tS 

XTEM SERN 

axiEs TO 

NEB^N^ cSoTnd ^ gndfg xtrm wrn 

CG TRm TIL 0800C. 

TTSr SCTD VSBY NEAR 3 LWRG TO 1 TO 2 

S “■''6 ^ ™ 4 by 0900C TO 

™ SMOKE 

MAWUANHRYLYXGPTiSSiSSSTsB"?<5^"1; 



WEATHEB INFORMATION FOR PILOTS 2^5 

The meaning of this forecast message is as follows: 

Airways: Chicago—Cheyenne, Chicago—Winnipeg, Omaha—^Bismark, 
Omaha Denver, Minneapolis—Huron, Minneapolis—Sioux City, 
Minneapolis Duluth, Minneapolis—Des Moines. Clear or scattered 
clouds in warm dry air over district except stratus overcast at 1 to 2 
thousand and locally at less than 5 hundred until 8 a.m. Central 
I iuK' western Nebraska extreme northern Colorado and extreme 
HoullK'astern Wyoming. Visibility lowering generally to 1 to 2 miles 
in .‘imoke to lee larger cities about sunrise and improving to over 6 by 
9:80 A.M. Centi’al Time. Visibility over 6 elsewhere except less than 
1 in groundfog extreme Western Nebraska Northern Colorado and 
extreme southeastern Wyoming until 8:00 a.m. Central Time. Chicago 
I’erminal. Clear or scattered visibility near 3 lowering to 1 to 2 in 
sinoki: by 6:00 Central Time then improving to 2 to 4 by 9:00 a.m. 
('entral Time and to near 6 by 11:00 a.m. Central Time. 

Milwaukee Terminal. Clear or scattered visibility 1-J- to 3 with smoke 
limiting, improving to 3 to 6 by 9:00 a.m. Central Time and to 6 or 
better by 10:30 a.m. Central Time. 

Madison, Watertown, Aberdeen, Huron, Sioux Falls, Sioux City and 
Grand Porks Terminals. Clear or scattered visibility over six. 

Services of Weather Btobeatt Personnel 

Before beginning a flight the airport Weather Bureau office 
sliould be vi.sited. There the pilot receives help concerning data 
about existing weather conditions and can obtain forecasts for 
the area in which his flight will be made. If weather conditions 
are favorable, winds aloft information is needed in planning 
cross-country flights. The observer or forecaster on duty will 
gladly aid in furnishing winds aloft data and in intex'preting 
weather conditions. 

Communication Services 

The Civil Aeronautics Administration of the Department of 
Commerce has established communication stations at most air¬ 
ports located along the civil airways. These offices are usually 
located next door to the Weather Bureau offices. Among the 
duties of communication offices are (1) to send and receive 
weather reports, forecasts, and other messages by teletype (a 
sort of electric typewriter); and (2) to broadcast weather 
information at various scheduled times, A communication sta- 
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tion is assigned a certain radio frequency foi'-broadcasting pur¬ 
poses. Eacb station is tuned in constantly on certain frequencies 
that are used by planes in calling communication stations. 

Commercial Air-line Weather STAFaFS 

Organization and Duties in the United States. Mo.st of the 
observational work needed for flying in the United S tates is done 
by the U.S. Weather Bureau. Duties that are pcrfonncd by 
meteorological staffs of commercial air lines operating in the 
United States are as follows: (1) To give meteorological instruc¬ 
tion to pUots, flight dispatchers, and other personnel. This may 
be accomplished by a series of lectures, correspondence cour.ses, 
and meetings. Much material can be covered in even a short 
series of lectures, because the pilots have much flirsthand experi¬ 
ence with many of the topics that are treated. Both the pilots 
and meteorologists are benefited when meetings are arranged to 
discuss weather problems. (2) To confer with flight dispatchers, 
pilots, a,nd others concerning forecasts and weather situations in 
connection with specific flights. (3) If time is available, an air-line 
meteorologist may perform other duties such as flight dispatch- 
mg and miscellaneous types of office work. ' 

Weather Work in Airlines Extending Beyond the United 
Mates. As m the Umted States, some other nations have w<dl- 
developed meteorological organizations. However, in some 
coun ries t e wither services are not adequate for the operation 

tfT meteorological department 

Iff L necessity of organizing and training observers to 

af and report;^ weather stations. This entail, 

Iqdpml? mamtenanee ot adequate instrumental 

“““‘ain radio 

theSS W^th • with 

Observation of Weather by Pilots 

talSrff or^t dS?? be checked, before 

fltZ °7™g, by noting the wind vane or wind cone Tn 
%bt, away from the airport, the snrfaee wind Heie " 
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mined by observing the drift of smoke and dust or by noting the 
wind’s effect on water, vegetation, and other objects. An alert 
pilot keeps in mind the possible necessity of a forced landing and 
during flights keeps aware of surface wmd directions so that a 
landing may be made into the wind if possible. The wind direc¬ 
tion and velocity at flight levels is determined from time to time 
by navigation methods. 

The Pilot in Flight Watches Other Phenomena. Because of 
the distance between reporting stations, weather reports do not 
always include every condition or change that would be en¬ 
countered by pilots flying cross country. Forecasts, even at best, 
cannot be expected to anticipate every weather change that may 
occur. The pilot then will want to be alert to notice approaching 
thunderstorms and phenomena that affect the visibility and 
ceiling, such as fog, clouds, and snow. Ground fog and ordinary 
fog are formed under certain conditions of temperature, wind, 
and cloud situation of the sky. By watching these conditions a 
pilot can anticipate and note more promptly the formation of 
fog. 1 ^' 

Weather Reports hy Pilots in Flight. Pilots are encouraged to 
report, by radio, phenomena that are observed at flight levels. 
Typical data of this sort are bases and tops of cloud layers, 
formation of ice on the plane, and air temperatures at various 
elevations. The station that receives these data transmits them 
to other stations by means of^the teletype, and it is broadcast to 
other pilots. 

Summary 

In time of peace the countries of the world cooperate by radio 
in exchanging weather information. In our country the U.S. 
Weather Bureau regularly broadcasts meteorological data to 
pilots. This is accomplished through the communication facilities 
of the Civil Aeronautics Administration, which maintains offices 
next door to most weather stations. Also, pilots maj?^ visit 
weather offices to examine reports and charts, and trained bureau 
forecasters and observers are on duty day and night to render 
assistance in planning flights. During time of war pilots and 
others receive needed information, • but the Weather Bureau 
avoids revealing data that would be likely to fall into enemy 
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hands. Descriptions in the chapter refer to services available to 
anyone in time of peace. All pilots should learn to read weather 
maps and weather reports. 

Information needed by pilots includes: the surface wind 
direction and velocity where taking off or landing, and gusty 
conditions if existing; the ceiling; the existence of fog, and its 
effect on the visibility; the possibility of ice formation on the 
plane and in the carburetor; the wind conditions at flight levels; 
the likelihood of smooth or rough air in flight; and the outlook as 
to thunderstorm activity, which should be avoided in most ca.ses. 
Decoding of the elements of a weather report is explained. Miiny 
of the instruments used in recording weather are described; 
others are shown in Appendix C. Chapter IX will explain a 
number of ways in which a knowledge of weather condition.^ is 
applied to flight conditions; further, various effects of weather in 
aviation are shown. 


Questions 

1. What weather elements determine the classification of the 
weather at a station ? 

Is the visibility determined by eye observation or by an 
instrument? 

3. is the ceihng measured during daylight hours? At night? 

4. What IS a clinometer? 

^ balloon has an ascension rate of approximately 

is observed to 

being mleastd cloud layer 3 minutes 20 seconds after 

the^doud if the angle, as measured, is 70° and the base line is 1,000 
theLrof S'." "/rr" fof 

sea tvti orlbrv^ar^nrp^' e>«>nJ-layer bases above 

M •" »' lo pilots? 

visibility for a pilot ali”p“u“.t^di^“ ’=>>-= 

pberio ““'i *« express the atoos- 
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12. Ill ail hourly sequence report, to how many points of the 
compass is the wind direction reported? 

13. Ill making a pilot-balloon observation at night, how can the 
path of the balloon be observed? 

14. How often are regular surface weather observations made at 
a Weather Bureau airport station? 

Study Fig. 127, and answer questions 15 to 25. 

15. Is the wind blowing from the southeast or the northwest? 

16. What is the ceiling? 

17. Has the barometer been rising or falling during the 3-hour 
period prior to the observation ? 

18. What is the dew point? 

19. Is the sky condition overcast, broken, scattered, or clear? 

20. What is the wind force in terms of the Beaufort scale? Convert 
that force into terms of miles per hour. 

21. What is the visibility? 

22. liefer to Fig. 128 and find the symbols of clouds present in 
Fig. 127. 

23. What weather’’ symbols are recorded? 

24. Is the barometric pressure expressed in inches or millibars, 
imd wliat is its value? 

25. From what direction are the middle type clouds moving? 

26. What is the difiercncc between state, airway, and terminal 
forecasts? 

27. Which parts of a scqtience weather report may be determined 
from equipment inside the office? 

28. How may a weather report be received by a pilot in flight? 

29- Explain how gusty wind is coded in a sequence report. 

30. Discuss special observations. 

31. Of what value is a radiosonde observation? 

32. In pilot balloon reports, is the wind velocity recorded in terms 
of the Beaufort scale or in miles per hour? 

33. From how many different directions are winds aloft reported? 

34. What weather phenomena should a pilot watch while in flight? 

35. What duties do the personnel of a commercial air-line weather 
staff perform? 

36. Why should a pilot be alert to weather conditions? 

37. In what way may a pilot make use of consultation service at 
an airport weather bureau office ? 

38. What time of day is represented by 1830E? 

39. What is the meaning of X in the classification of weather? 

40. Beside X, name two other classifications of the weather. 
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41. Give a few station designators. 

42. Describe the four symbols that indicate tlie sky condition in a 
sequence report. 

43. In what decade did rapid advancement begin in the develops 
ment of meteorology for pilots? 

44. Name a few conditions under which special observations are 
made and reported. 

45. Are pilot-balloon observations practicable in cloudy weather? 

46. Does cloudy weather interfere with radiosonde observations ? 

47. Describe the duties of a CAA communication station. 


Suggested Activities 

1. Visit a Weather Bureau airport station and make a list of all the 
instruments.^ Indicate where they are installed, i.^., whether they are 
on the roof, in the office, or near the ground. 

2. Ask a pilot what weather information he has found useftil in 
cross-country flying and in local flying, 

^ 3. Observe and record three times each day for 2 weeks the follow¬ 

ing weather elements: precipitation, atmospheric pressure, tempera- 
toe, \^d direction, sky condition, kind of clouds, and visibility. 
JNote the values of these elements on days before and days after 
precipitation periods. 

4. Secure a series of published weather maps for the 2-week period 
for which you_ observed the weather (activity 3). Compare your 
observations with those shown on the maps. Note the positions of 
the lows, highs, air masses, and fronts. 

otto conditions Wore, during, and 

7. Visit a Weather Bureau airport station, and note the various 
types of work being done there. Which actMty do yL tLnk you 
would most enjoy doing each day? ^ 


Topics foe Class Reports 


1. Poor types of flying weather. 

2. Weather service for transoceanic flights 

3. ^-Ime fl^ng, without the aid of weath« service 

4. Wither information useful for local flying. 

e! P^tTaflorlreJvXr^'" i^istrument construction. 
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7. The CAA communication service. 

8. Local weather signs and forecasting. 
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Chapter IX. Weather Applications 
to Aviation 


Aviation and Weather Klnowledge Have Developed Togetiier. 
Not so many years ago tliere was very little thought about, or 
need for, information concerning such matters as ceiling, visi¬ 
bility, turbulence, gustiness, icing, and ground fog. Today such 
elements are important both in peace and in war, because they 
have so much significance in aviation. The need for reporting and 
forecasting these conditions has stimulated the development of 
meteorology. Also, airplane flights have been the source of much 
information about weather processes. On the other hand, the 
science of meteorology has contributed largely to the present-day 
safety and efficiency of aviation. ' ■ 

l^essure ^eas. It has been reahzed for many years that 
weather conditions and changes are associated with high- and 
ow pressme systems in the atmosphere which move across the 
country from west to east. These areas are usually several 

centers travel at an average 
rate of 500 mdes or more a day. Cloudiness, storms, precipitation, 
and warmer temperatures are related to the lows, whereas tlic 
hiSj arTnT and cooler conditions. The lows and 

Systems. During the pait 
wntury sluies and mitmgs have been made by a numbi ot 
meteorologists coneeming weather processes at mper kveb 3 

e^LTuTprair ™r " aSwt 

conducted research wmk SaTud “eteorologint. 

examined a number of lows by cmefully watte 
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reports from a dense network of weather stations. In a paper 
consisting of only eight pages he described a theory concerning 
both the horizontal and vertical structure of lows. This theory, 
announced in 1918, has done much to stimulate further thought. 
It has aided weather forecasting, especially the detailed, short- 
period type that is helpful to pilots. It has also furthered under- 


Warm air 



ca.300km. ca, 600 7 ?* 

{From Wooms^ Air Navigation.) 
Fia, 120.—The cyclone (depression) model. 


slaiuling of the many weather phenomena that ai-e encountered 
in fliglit. 

Air-mass and Frontal Analysis 

J. Bjerknes and H. Solberg Low Model. Figure 129 illus- 
tral.es the liorizonlal and the vertical sections of a low-pressure 
jU'sUmi according to Bjerknes. The central one of the three views 
■"^ows a mass of warm moist air flowing from the southwest 
toward the northeast. Cold air is shown to the east, north, and 





234 


ELEMENTARY METEOROLOGY 


west of the central warm-air sector. The notched line separates, at 
the earth’s surface, the warm and cold air masses. The right- 
hand portion of the line is known as the warm front. As the low 
moves eastward, or to the right, the warm front is the region 
where warm air begins to occupy land formerly occupied by 
cold air. The left portion of the notched line is the cold front 
where cold air is occupying land formerly held by warm air. The 
lower view shows a vertical cross section through the southern 
part of the low. On the right side of this view the warm south¬ 
westerly stream is shown flowing up over the dense cold air. To 
the left is shown the cold dense northwesterly stream underrun- 
uing, wedge fashion, the warm mass. The upper view represents 
a vertical section through the northern part of the low. Here 
the cold easterly stream is seen flowing beneath the warm south¬ 
westerly mass. 

Air Masses and Fronts. It will be recalled from Chap. V 
that an air mass is a considerable volume of air that has existed 
for some time over a definite area and has developed temperature 
and humidity properties characteristic of the area. Also, a front 
is a surface that exists between two air masses of different 
density. In Fig. 129 it will be noted that a front is truly a surface, 
but it appears as a line in both the horizontal and vertical views. 
Air masses and their reaction with the earth and along fronts 
have a very definite relation to aviation activities, 

Flight in Certain Air-mass and Frontal Conditions 

The Warm Front. Refer to the lower view in Fig. 129 and 
imagine that you are located at the eastern edge of the low, 
flying west at an elevation of 2,000 feet. The wind at the flight 
level is from the south. High above, at an elevation of 20,000 feet 
or more, will be noted cirrus, cirrostratus, and possibly cirro- 
cumulus clouds. In fact, to an observer located east of the low, 
one of the first indications of the approach of the storm area is 
the appearance of those cloud types, especially if the cirrostratus 
clouds extend across the sky in the form of long bands. Those 
clouds are formed maiifly because the warm-sector air is expand¬ 
ing and coolmg as it slides up the warm front. Continuing west¬ 
ward, altostratus, altocumulus, stratus, and nimbostratus 
clouds, which exist at lower levels, will be noted. Rain or drizzle 
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is likely to be encountered in connection with, the three stratus 
types. A.S the precipitation falls through the cold air mass, fog 
and possibly low stratus clouds are likely to form. With certain 
leiuperature conditions freezing rain, or sleet, may be encoun¬ 
tered bc'ueath the warm front. A definitely widespread area of 
low ciouds, fog, and precipitation is typical of warm-front situa¬ 
tions. Tliese conditions often result in low ceilings, poor visi¬ 
bility, and icing, for which the pilot must be alert. 

Warm-sector Maritime Tropical Air. If the trip is continued ■ 
westward into the region of the warm sector, the wind there 
is found to be from the southwest, and the air temperature is 
warnu'r. If the air is warmer than the land over which it is 
moving, it is possible that fog and stratus clouds will be encoun¬ 
tered. On the other hand, if the air is cooler than the land, 
cumulus clouds will probably exist. The barometric pressure will 
continue to drop or remain low until the cold front is reached. ' 

The Cold Front. Refer to the lower view in Fig. 129. At the 
cold front the cold wedge of air forces the warm air upward 
forming cumulus, stratocumulus, or cumulonimbus clouds. 
Prc‘cipitation in the form of showers, possibly heavy in amount 
but of c.omparativcly short duration, is typical of conditions near 
the surfuc.c position of the cold front. Turbulence and gustiness 
arc i)r(‘s<'nt normally to elevations of 0,000 feet or more. Thun- 
(hu-storms are often strung along cold fronts, in which cases 
st.ormy conditions exist up to 20,000 feet or more. When a cold 
front pu.sscs a loc.ality the pressure begins to rise and the tem¬ 
perature falls. There occurs a decided shift in the wind direction 
from a southerly to a westerly direction. Other typical changes 
associated with a cold-front passage are the ending of precipitn.- 
lion, a tU;crcasc in cloudiness, and a lowering of the dew-point 
reading. An entirely different air mass exists behind, or to the 
west,, of the cold front. 

Continental Polar Air. Let us assume that the air mass west 
of the <ail(l front had remained for some time over that part of 
Nort,!i Aau'ricui which is north of the region of the prevailing 
vvc.sl('rli(‘s. In t.luit case it would be low in water-vapor content. 
If its txunpcrat.tire near the earth’s surface is colder than the 
ground ov<t which it moves, flights will be rough, especially at 
l()^\■('^ levels. This would be due to thermal currents established 
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because of the warming of the air at the earth’s surface. Surface 
visibilities would be good except where the wind might be picking 
up and carrying dust. 





Fig. 130.—Showing the development of 


{From Weems, Air Navigation.) 

a depression. (Full line-isobar.s.) 


aboStSri toward the east 

taCM the cold front over- 

oSlusi?nrIsuhs^TtV^^-T'^""‘'^^^ squeezed aloft, and an 
earCcTusTon^m ^ colder than that to the 

on IS a cold front type (Fig. 130^). If the I'everse"" 
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is true, the occlusion would be a warm front type (Fig. 130^). 
Stratus clouds and rain or drizzle are typical of warm-front 
occlusions, whereas cumulo form clouds and showers are asso¬ 
ciated with cold-front occlusions. 

The Begxnning and Development of a Low. Meteorologists 
of Norway have pointed out one process that involves the 
formation and development of a low. This is shown in Fig. 130a 
to /. In a we see a stationary front with cold air to the north 
and warm air to the south. A wave in the front, accompanied by 
a drop in pressure and a counterclockwise wind circulation, is 
shown in h. Stages of development similar to that of Fig. 129 are 
shown in e and d. Conditions of occlusion are represented in e 
and/. 

Wind and Air Currents as Related to Flying 

The term vritid is applied to air that is in horizontal motion. 
Currents, as distinguished from wind, refer to the motion of air in 
a vertical direction. Other terms used with reference to air 
circulation arc as follows: 

'J'urhidmce relates to disturbances in the atmosphere caused 
by temperature differences or by air friction with the earth’s 
surface. 

Eddies are local vortexes formd in turbulent air. 

Cu.s7.s' refer to sudden increases of short duration in the wind 
vciocily. d'hey are caused by eddies in turbulent air. 

tSV/H«//.v arc similar to gusts but are of longer'duration. 

Surface Wind.—Tlie lift necessary to maintain an airplane in 
fliglil, dc‘p(‘nds on the air speed, or the motion of the airplane 
r<'la live l.o llu; air tlvrough which it is moving. Planes take off into 
Ihe wind, i.e., toward the direction from which the wind is blow¬ 
ing. In this way the necessary air speed is achieved sooner than 
if th(‘ airplane were pointed in the other direction. The required 
ground sp('('d, or speed of the airplane over the ground, is less, 
and the m'cessary length of run is shorter when made into the 
wind, (’.are must bo used when taking off into a gusty wind. A 
svnhhm lull, or (U'crease in wind velocity, will require a longer run. 

Airplanes hmd into the wind for the same reason. The ground 
specs! is Ic'ss when binding, the length of run needed after landing 
is U>ss, and the airplane may be brought to a stop sooner. While 
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F.O. m.-U.S.S. Le^n^on, U.S.S. u.S.S. 

and the U.S.S. Entm 

pnse aircraft carriers, steaming m formation at sea. 
press^ tli 

climbs slower m thin air, andXrreqlhed'^re^off r,fn\ 

en a wind is blowing, the grounc 


landing, a gust or lull may cause the airplane to undershoot or 
overshoot; i.e., to land short of or beyond the intended point. 
Strong winds require much care while taxiing, lest the airplane 
tip and be damaged. 

In the Navy an airplane is always catapulted into the wind, 
and aircraft carriers head into the wind when planes are leaving 
or returning to the flight deck. Figure 131 shows the U.S.S. 
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Speed of an airplane flying with the wind is equal to the wind 
velocity plus the air speed. When the plane is flying into the 
wind, the ground speed is equal to the air speed minus the wind 
velocity. In the case of an automobile the gas consumption is 
specilic'd in terms of the number of miles it will travel on 1 gallon 
of gas. Idle fuel consumption of an airplane is described as the 
number of gallons used per hour of cruising time. The number of 
miles an airplane will cover in 1 hour is affected by the wind and 
is e<iuivalent to the ground speed rather than the air speed. For 
example, let us consider a small 65-horsepower airplane, carrying 
a capacity of 12 gallons of gas, which consumes 3 gallons of gas 
pi'r hour at the usual cruising speed. It is customary in problems 
of navigation to consider one-fourth of the gasohne supply as a 
reserve. In calm air the airplane can cruise for 3 hours and cover 
2I() miles, if the cruising speed is 80 miles per hour. With a head 
wind of 20 miles per hour it can cover 180 miles, or with a tail 
wiird it can cover 300 miles. Since these are typical figures, the 
importance of wind can easily be seen. 

An important principle that all pilots should understand is 
this: it always requires more time to fly across country to a 
distant point and return when there is wind, regardless of its 
direction, than when there is no wind. It is assumed that the 
wiiul remains the .same in direction and velocity during the trip. 
The following extreme case clearly illustrates this. An airplane 
w'hosc air speed is 60 miles per hour flies with a tail wind of 
60 miles pc'r hour. It would of course cover 120 miles in 1 hour. At 
the end of an hour it turns and heads toward the point of 
departure. Its ground speed then would be zero, and it would not 
be able to return under those conditions. The principle also can 
be verified with le.ss extreme conditions of wind velocity. In the 
st.udy of navigation a student learns how to compute the maxi¬ 
mum distaiie.e, under given wind conditions, that an airplane can 
fly and still be able to return using a specified amount of fuel. 
Wh(“u the wind is blowing from a direction at right angles to an 
airphuK^’s heading, its effect on the time for a round trip is at a 
minimum, for a given wind velocity. 

Idle wind velocity is usually less near the surface than at 
higluu- elevations. Therefore, airplanes fly at higher elevations 
wlum tail winds prevail but fly closer to the surface in the cases 
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of head winds. Furthermore, in our country the wind direction at 
very high elevations is west. To take advantage of these winds 
planes flying east fly high. For trips west, a lower elevation is 
selected where velocities may not be so great or where the wind 
may blow from other directions. 

At an elevation of 1,500 to 2,000 feet the velocity is likely to 
be about twice the surface velocity. At that elevation the wind 
direction is often about 35 degrees clockwise from the surface 
direction. 

Thermal Turbulence, "What It Is. "When the sun shines on a 
lake shore, air currents rise over the sandy beach and descend 
over the water area. This is due to the beach’s becoming much 
warmer than the adjacent water surface. The air overlying the 
s^d becomes warm and expands. It is pushed upward by cooler 
air, which moves in horizontally from adjacent areas. An airplane 
over the lake will experience a decided bump or rise as it reaches 
the an above the shore line. When flying in the opposite direction 
« will take a sharp drop when it arrives over the lake. These 
bumps, or drops, were formerly known as “air pockets” because 
ot the apparent variations in the Hfting qualities of the air. 

Actually they are due to vertical ascending and descending air 
currents. ° 

air rises and descends orer regions that are com- 

Cdl r ““f f and 

The Z ““ currents, 

Th hL e clcnds mark the elevation at which the rising 

toe at that deration The tops oi the clouds indicate the upper¬ 
most hunt at wbch the air’s vertical motion erists. 

How to Avoid Thermal Turhulence in Flight. Flights made 
dur^ the early morning or late afternoon hours are eltoiwe in 

rstSeotsl’Trr s 

P • urmg the late morning and early afternoon hours 

WtaT H *17 f 

greater during to ttt ““to “ 

when to sky is ovem« S a w 7 days 

^ ^ of stratus type clouds. That 
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is because the cloud layer blocks the heating effect of the sun, 
which would be necessary to create thermal currents. On sunny 
days following a rainy spell, when the ground is quite wet, 
thermal currents are not so active, because much of the sun’s 
heat is used to evaporate the ground’s moisture rather than to 
heat the ground itself. Plights over snow-covered areas are likely 
to be quite smooth. 

Commercial air lines are alert to avoid flight at levels where 
marked turbulence exists. Passenger comfort is more important 
than the saving of any time that might result in flying at turbu¬ 
lent levels where favoring winds may exist. 

Mechanical Turbulence, What It Is. This type of turbu¬ 
lence is the result of eddies that are created when air flows over 
the rough surface of the earth or over built-up areas. It is also 
found along frontal surfaces. 

How to Avoid Mechanical Turbulence. In order to avoid 
turbulence over rough terrain, it is necessary to fly at a suffi¬ 
ciently high elevation so as to clear the eddies present. Plight at 
2,000 feet ordinarily should be high enough. Eddies are specially 
associated with the lee sides of mountains, hills, and bluffs. Such 
eddies may be carried horizontally for a considerable distance at 
times when the wind is strong. At airports wind disturbances also 
are found on the lee side of hangars and other buildings, and the 
eddies may be carried by the wind to landing are^. This should 
be kept in mind when making take-offs and landings. 

Turbulence associated with a cold front is usually quite 
active, and in order to clear it a flight elevation of 6,000 feet or 
more is needed. When thunderstorm activity is continuous along 
a cold front, it is advisable to turn back, make a landing and wait 

for it to pass. , • j 

Gusts at Flight Levels. In the case of a head wmd a gust 
causes a bump, and a lull will cause a plane to drop a certain 
amount. These reactions were formerly known as air pockets, 
and in effect are similar to upward and downward cmrents 
referred to in the paragraph Thermal Turbulence, What It is. 

Updrafts and Downdrafts. It is important to realize that, 
when wind blows over a hill, mountain, building, or other object, 
an updraft on the windward side and a downdraft on tke leeward 
side are created. Consider Pig. 132. It is apparent that as the 
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airplane approaches the mountain, the upward current helps it to 
clear the peak. On the downwind side the plane is carried down¬ 
ward by the current, but the airplane is flying in a direction away 
from the side of the mountain and is not likely to be endangered. 



Now consider Fig. 133. It is evident that as the airplane 
approaches the mountain it is carried downward by the down- 
^aft at a time when it should be gaining altitude in order to clear 

leeward side, 

trS situation and make it difficult to stay out of 

parallel* to the^°™ t • ?j downdraft back and forth 

P el the mountain would result in gaining the required 



elevation. Tlie solution is to o^xr^ i* i 

gain the necessary elevation This J 7'^ 7^ mountain and 

trouble in the past An a^ane ^t slo 7 -7 

will find itself in an updfaft on - m clearing the top 

afford no danger, for the plane wUl This will 

mountainside. ^ flying away from the 
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It should be mentioned that thermal currents are often 
encountered over mountain peaks, and they help an airplane to 
gain elevation. 

Difficulties associated with the windward side are due to fog, 
cloudiness, precipitation, and thunderstorm activity, which 
result because of the rising, expansion, and cooling of the air 
currents there. 

Soaring. The ability of a ghder to remain aloft depends on 
the existence of ascending air currents. Such currents are found 
on the windward sides of hills and mountains, where the air is 
forced to rise as it crosses higher ground. Rising air currents 
exist beneath cumulus clouds. During sunny days rising currents 
may be found over plowed fields, roads, buildings, mountain 
summits, and sandy or other barren areas, whereas downward 
currents take place over lakes, streams, forests, meadows, and 
other areas that are heated less rapidly than their surroundings. 
After a glider is launched from a hill, with a truck or airplane 
tow, or by other means, its ability to remain aloft is dependent on 
skillful gliding within ascending air currents. 

Valley Breezes. During the day the sides of mountains 
become heated, and upward convectional currents are induced. 
In daytime an airplane flying in a valley will encounter a breeze 
blowing up the valley. At night the mountains become chill 
because of radiation, and cold air from the mountainside drams 
down the valleys much like water flowing. 


Relation of Thunderstorms to Flying 
Why Thunderstonns Are Dangerous. Thunderstorms are 
hazards to aviation because they are associated with turbffience, 
gustiness, lightning, and often hail. Their most serious feature 
with respect to flying is the vertical currents, doubt 

often exceed 100 miles per hour. An airplane that becomes 
involved in an upward or downward current is likely to get ou 
of control and may become damaged or wrecked because of the 
strong forces to which it is subjected. Strong gusts, or decide 
changes in the wind velocity, may have the same effect. L ght- 
ning damages radio sets and aerials genera “V y 

to cause serious damage to an airplane. 

be made to avoid it and thereby avoid the other dangerous 
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features of thunderstorms. Serious damage to the propeller and 
other parts of an airplane results from hail. The more intense the 
thunderstorm the larger the hailstones are likely to be. Cold- 
front thunderstorms (Fig. 134) are the strongest and most 
serious type. They can occur during either day or night. A 
continuous string of thunderstorms often extends along a cold 
front for hundreds of miles. The windward sides of mountains are 
regions favorable for the formation of both day and night 
thunderstorms. These are particularly treacherous because (1) a 
plane may not have sufficient altitude and can easily be daslied 
into the mountain, and (2) individual peaks may be hidden by 
the cloud masses. 


1006 . - B ^ A ^ 

1008 \f \ iaC 


Ob 


COLD FRONT 

WEATHER MAP VERTICAL SECTION 

P. 0 .134.-Cold.front type thundereto™. 

stormt"! Thunderstorm Difficulties. Some thunder- 

severe. Many rules have been formu- 

s to rvoTd'^^“" thunderstorms. The safest rule 

to avoid them In general they move from west to east at an 

average speed of 30 miles per hour Their Ti- t • 

4 .* r» X . mrection of travel is 

^ he direction of the wmd at near 10,000 feet elevation 
Because they are ordinarily local phenomena of comparativelv 
smaU diarneter it is usually easy to fly around them Their ^llt 
height makes it impractical to fly over th^m A T 4 f 
that is confronted while an airulann fl • ^ thunderstorm 

should be passed by turning to thl left Tb^“^ T 

in the airplane’s remaining delr of ' T 
ward. If confronted with I series of o 7a ^ast- 

pilot may find it necessary to make a thunderstorms a 

front to pass. In that case Se aSknSdtf h""'^ 
securely tied down. ^ snould be hangared or 
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Ice Formation on the Airplane 

Its Cause and Effect. Ice tends to form on an airplane when 
it flys through condensed water vapor such as drizzle, rain, 
clouds, or fog, the temperature of the air being 35°F. or below. 
Serious icing is most likely within a temperature range of 27° 
to 35°F. The expansional cooling of the air as it flows around the 
wing often results in the droplets’ freezing and sticking when air 
tei^fieratures are between 32° and S5°F. A situation of unfrozen 
water droplets, the temperatures of which are less than freezing, 
is a common phenomena in air temperatures below 32°. As an 
airplane moves through such an area of droplets they stick and 
instantly freeze to the various smfaces of the airplane. The most 
serious result of airplane icing when it forms on the wings is the 
loss of lifting efficiency. Figure 135 shows how ice forms near the 
leading edges of a wing. It often destroys the smooth flow of air 

tJce 


/ 



Fig. 1S5.—Formation of ice on an airfoil. 


past the wing, which is essential in creating the necessary lift. 
Other effects of icing are (1) it makes difficult the control of the 
plane, (2) it reduces the propeller efficiency, (3) it increases the 
drag, (4) it increases the load of the airplane, and (5) it may 
cause vibration of the propeller and other parts. ^ 

What to Do about Icing. The leading edges of wings may be 
fitted with pneumatic boots that can be alternately inflated and 
deflated, thereby tending to crack off the ice as it forms. Trope- 
lers can be protected by means of an antifreeze solution which 
they receive by centrifugal action from the hub. The pflot should 
prevent icing by avoiding areas in which it can form. K ice starts 
to form the pilot should do one of five things: (1) land, (2) turn 

back, (3) climb several hundred feet higher if a warmer emrent 

of air k known to exist there, (4) descend several 

where temperatures are normally higher, or (5) climb quickly 

higher levels if the clouds are thin and shallow. 
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Figure 136 skews a recommended flight path in order to avoid 
icing conditions at a warm front. 

Frost may form on an airplane that is staked out over night. 
If so, it should be removed from the wings prior to take-off. This 
is necessary because it would tend to destroy the smooth flow of 
air past the wings and would reduce lift. A longer I’un would be 
needed before the plane would take off. 



Pig. 136.—A warm-front icing situation. 




TEMR 

{Courtesy of C,A.A,) 


Effect of Weather on the Altimeter 

The Principle of the Altimeter. The higher the elevation, the 
lower the atmospheric pressure. When a barometer (Fig. 156) is 
carried upw^d into the atmosphere it wiU indicate a lower 
pressure reading Within several thousand feet of the earth an 
increase of 1,000 feet m elevation is associated with a decrease of 
1 inch of mercmy m the reading of a barometer. An altimeter is a 
modification of the aneroid type of barometer. When an altimeter 
IS earned upward 1,000 feet its dial arrangement indicates 1,000 
feet additional elevation above the earth, instead of a decrease of 

It TyT’ "" “ "r barom¬ 

eter. The altimeter can therefore be used to determine the posi¬ 
tion of an airplane m a vertical direction. Figure 137 shows the 
dial of an altimeter, whereas Fig. 138 shows how its mechanism 

cell, Rg. 138, IS exiaiMted of air. It is prevented from coUapsing 
by the spnng. At high altitudes the pressure on the outside of 
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the cell is less than at lower elevations. Differences in the pressure 
on the cell result in movement of the spring to the right or left. 


(Courtesy of KoUsmari Instrument Division of Square D Company,) 
Fig. 137.—Sensitive altimeter. 


Flexible 



Fig. 138.—Simple altimeter. 

This movement is transmitted by means of levers and chains to 
the pointer on the dial. 
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Effect of Pressure Variations. At any location the pressure 
is constantly changing. If the pressure is becoming lower, the 
altimeter will read higher. The altimeter should be set to read 
zero before take-off. During flight it will then indicate the eleva-. 
tion above the point of take-off, except for certain errors, one of 
which is due to general pressure changes in the locality. 

Effect of Temperature. The altimeter is arranged to read 
correctly in so-called standard conditions of temperature. If the 
air temperature is warmer than standard, the air then is less 
dense, or lighter per unit volume. Under those conditions let us 
set the altimeter to read zero at the surface, and then take it up 
to an elevation of 1,000 feet. It will then actually read less than 
1,000 feet, because the movement up through the light air will 
not affect the altimeter as in the case of air of standard tempera¬ 
ture and density. An altimeter will overread when operating in 
air the temperature of which is below that of standard air. 

The Altimeter Setting. Altimeters of the so-called sensitive 
type can be adjusted in flight. The altimeter setting is an expres¬ 
sion, in inches of mercury, of the station pressure reduced to the 
sea-level value. The pilot merely receives by radio the local 
altimeter setting prior to landing and adjusts his altimeter. It 
will then read correctly during the landing. Altimeters of this 
type indicate elevations above sea level rather than above the 
point of take-off. 


Weather and Carburetor Icing 

Description of a Carburetor and Its Function. The carbure¬ 
tor is a device that furnishes a mixture of gasoline and air to the 
ahplane s engine. In order to provide the proper type of mixture, 
the carburetor vaporizes the gasoline by means of an atomizer 
and causes it to be mixed with the right amount of air, A diagram 
of the Zemth carburetor is shown in Fig. 139. Motion of the 
pistons within the cylinders draws in air at 6. In the Venturi 
t^oat stoTO at 2 the air mixes with vaporized gasoline, which is 
atomized by jet 4. The resultant mixture is drawn into the 
cyhnders through the top of the carburetor. The amount of the 
^ture, and hence the speed of the motor, is controlled by the 
butterfly or throttle valve shown at 1. 
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How Ice Forms in a Carburetor. Vaporization requires 
heat. When the gasoline is vaporized in the Venturi thr^t heat 
is extracted from the air in that part of the carburetor.^ Because 
of this and other reasons the temperature of the air m the 
carburetor may be decreased as much as 50° or 60°. If the air is 
cooled to a temperature below 32°F., and at the same time below 
the dew point, ice will form in the carburetor. When the tempera- 



{CourUsy of C,A.A.) 


1, Bultorfly valvo 
S. Venturi tiilie 

3. Choke valve 

4. Cap j(‘t 
f). Main i<“t 
(J. Air intake 

7. Serew.H to clean ehannela 

8. Jet tlrain ciip« 


Mi. 13 0.—C ar 1) ureter, 
t). S(M*on<lary well 

10. Ih’inuiry well 

11. Idle adjusting aerew 
l*i. Idl<^ tube 

111. Air ln>le 

14. (hmipen.sator 

15. Hollow float 
TO. Float chamber 


17- Counl(rr weights 
18. Nee<ll<^ valve 
10. Ncanlle valve seat 
fM), (ia.Holiiu’! line 
SI. Kind level 
Strainer 

S>B. Altitude control valve 


ture of tlic air through which the plane is flying is 75 F.^ or lower, 
ihe pilot must be aware of the possibility of ice formation m the 
c,arbun4.or. Fliis is particularly true when the relative humulity 
is high or when flying through precipitation or cloudy areas. loi 
ibis "reason the weather may aifect seriously the operation of 

many types of carburetors. . <• ,i 

Effect of Carburetor Ice; Its Prevention. If ice forms on the 
tip of tlie atomizer jet, the supply of gasoline is thereby cut off. 
When ice forms in the Venturi tube, the supply of mixed gasoline 
vapor and air for the cylinders is decreased or may be entirely 
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choked off. One method used to prevent carburetor ice is to heat 
the air before admitting it to the carburetor. This can be done by 
employmg a carburetor air heater that utilizes heat from the 
engine exhaust gases. 

Effect of Weather on the Air-speed Indicator 

The Principle of the Air-speed Indicator. The air-speed 
indicator is an instrument that shows the speed of an airplane 
through the air. Like the altimeter, its readings are affected by 



{Courtesy of Pioneer Instrument Division of Bendix Aviation 

Corporation.) 


Fig. 140.—Air-speed indicator. 

both the air temperature and pressure at flight levels. In Fig. 140 
IS shown the dial of an air-speed indicator, and a cross section of 
Its mechamsm is shown in Fig. 141. The Pitot tube, named for its 
inventor, is in reality the open end of a copper tube that connects 
with ceU E (Fig. 141). The Pitot tube is mounted on a wing or 
strut so that it points forward like a pistol barrel. The static tube 
IS su^arty mounted and connects by copper tubing with 
chainber C. The end of the static tube is closed, but it has air 
ope^gs along its side. When the airplane is at rest, C and E are 
subject to the same air pressure, which is the existing atmos¬ 
pheric pressure. When the airplane is in motion the pressure in E 
IS greater because of the impact of the air at the open end of the 
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Pitot tube- The faster the airplane goes, the greater will be the 
difference in pressure between C and E. Differences in pressure 
cause the diaphragm of the cell to bulge varying amounts, and 
the amount of the bulge is multiplied and translated by a system 
of levers to a pointer. The pointer indicates on a dial in nules per 
hour the speed that corresponds to the pressure difference 
between C and E. 

Variations in Atmospheric Pressure Affect the Air-speed 
Indicator. The air-speed indicator is designed, or calibrated, to- 
read correctly when the density of the air corresponds to normal 
sea-level conditions of pressure and temperature. Normal pres- 



{From Irviut Aircraft Instrumcntt.^ 

Fig. 141.—Air-speed indicator. 


sure at sea level is 29.92 inches. Consider the cases of two air¬ 
planes flying at indicated speeds of 80 u^es per f 

the airplanes be flying near sea level, wMe ^e o*® J ® 
an elevation of 6,000 feet. The air speed of the 
feet, is actually greater than the speed ^ \ 

ment. This is true because the air density at 
that at sea level, and an at an elevation ^ 

must be traveling at a greater an m 

the instrument will read the same as It would if travel g 

speed near sea level. . . g^j.. 

Effect of Temperature. Consider now the cases of two 

planes, one flying in air of 59°, the other in a^r of 89^^- 

case the indicated air speeds and air speed 

same. The warmer air is less dense, and hence the actual air sp 
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of the airplane flying through it is greater than the actual air 
speed of the airplane in the colder air. 

Thumb Rule for Estimating the True Air Speed. For each 
1,000 feet an airplane is above sea level, add 2 per cent of the 
indicated air speed to the indicated air speed. The result is the 
approximate air speed of the airplane. 

The Stalling Speed Is Correctly Indicated at All Elevations. If 
an airplane stalls at 40 miles per hour at sea level, the indicated 
stalling speed at any other elevation will also be 40 mile§ per 
hour. This is true because the pressure needed to indicate any 
given air speed is the same as that upon which flight of the air¬ 
plane itself depends. 

Air-speed Indicator Icing. When flying through rain, mist, 
or clouds at temperatures near freezing, ice may form in the Pitot 
tube and render readings unreliable. 

ii -'t; ^ ■ ; 

CeiHng, VisibiHty, and 

Ceiling 

The cehing> as regards weather cbnditions, is the distance 
between the ground and the base of the lowest cloud layer that 
covers more than one-half of the dome of the sky, as observed 
from the ground. The ceiling is known'as zero if the cloud base is 
50 feet or less above the ground. If the cloud base is more than 
9,750 feet above the surface of the earth, the ceiling is described 
as ‘‘^unlimited.’’ Occasionally in winter it is not possible to 
determine the ceiling value because of the obstruction to vision 
which snowfall offers. In that case the ceiling is known as the 
maximum distance that can be seen vertically through the snow, 
and the ceiling then is called a "'snow ceiling."' 

Cloud Types and the Ceiling. The three highest cloud types, 
cirrus, cirrocumulus, and cirrostratus are found for the most part 
at elevations of 20,000 feet or higher. They do not therefore con¬ 
stitute ceilings. The two intermediate cloud types, altocumulus 
and altostratus, are found at elevations ranging from 6,500 to 
20,000 feet above the surface. Only occasionally are they present 
at 9,750 feet or below, in'which case they can determine ceilings 
providled they cover more than one-half of the sky dome. Ceilings 
are principally associated with the five lower type clouds, which 
are stratus, nimbostratus, stratocumulus, cumulus, and cumulo- 
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nimbus. These types exist at elevations ranging from near the 
surface to about 6,500 feet. Figure 142 shows a group of Navy 
SBD S of squadron VS-6 in flight over stratocumulus clouds. 

Civil Air Regulations for Ceilings and Other Cloud Conditions. 
At aiipoits when the ceiling is less than 500 feet^ aircraft de¬ 
partures and arrivals are not authorized except in the cases of 
certain public or scheduled air-line flights. This type of weather 



{Official photography U.S. Navy.) 


Ihii. l Ui.—Navy bombers flying above stratocumulus clouds. 


is known as X, or closed, weather. For a flight when, the ceiling is 
less than 1,000 feet, a plane must be equipped for instrument 
flight and must observe instrument-flight rules. Dming such 
limes when the ground cannot be seen, tbe plane is controlled by 
reference to instruments. When the ceiling is 1,000 feet or more 
flight can proceed according to contact-flight rules, i.e., the plane 
can be flown by reference to the ground. 

Flight by Contact Rules. When flying below or above 
clouds by contact flight rules, a distance from the clouds of^ at 
least 500 feet must be maintained. Contact rules permit flying 
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above the clouds provided the ground can be seen at all times. 
When ascending or descending between clouds, the clouds must 
be cleared by at least 2,000 feet (Fig. 143). During contact flight 
if the ceiling should become less than 1,000 feet, the flight course 
should be altered, or a landing made. 

liimbostratus and Stratus Ceilings. The two lowest cloud 
types are stratus and nimbostratus clouds. When present they 
usually cover more than one-half of the sky and therefore 
constitute low ceilings. When contact or instrument flights 
cannot be authorized because of low ceilings, it is usually because 
of the presence of nimbostratus or stratus clouds. 



Cumulus Cloud Ceilings. When cumulus type clouds are 
expected to increase in amount enough to form a ceiling the 
ceiling height may be estimated as fallows: Divide by 4i the 
difference between the surface temperature and the surface dew 
point. The result multipHed by 1,000 will be the height of the 
cumulus bases. This is based on the fact that cumulus clouds 
form because of rising columns of air. In a rising column of air 
two processes are taking place. First, the dew point decreases 
about 1 F. for each 1,000 feet of increase in the elevation. This is 
due to the fact that the rising air is subjected to less pressure at 
^gher elevations. Second, the air cools as it rises and expands. 
The coolmg rate is about 5.5°P. for each rise of 1,000 feet. There¬ 
fore, It IS evident that the temperature of the air is approaching 
ite dew point at the rate of 4.5°F. per 1,000 feet increase in eleva¬ 
tion. The cloud base will form at the elevation where the tern- 
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perature lowers to the dew-point value at that elevation. The 
tops of cumulus clouds represent the tops of the rising air 
columns. 

Visibility 

In weather reports the visibility is the greatest distance that 
buildings, hills, and other large objects can be seen horizontally 
at the ground level. It is assumed that the value applies to an arc 
representing more than half of the horizon. • 

Factors That Restrict Visibility. During flights, especially 
cross country, when reference to the ground must be made, 
sufSciently high visibility values are necessary. Rain, snow, 
drizzle, haze, smoke, and fog are among the phenomena that tend 
to restrict visibility. Fog and snow, more than anything else, are 
the most common causes of poor visibility. Pilots watch tempera¬ 
ture and dew-point values closely. If the temperature drops to 
near the dew-point value, fog is imminent. On clear nights when 
wind velocities are less than about 8 miles an hour ground fog is 
likely if the temperature drop is sufficient. Low stratus clouds are 
more likely than fog when wind velocities are more than 8 miles 
an hour. When the air is calm, ground fog is quite shallow, but it 
can build up to a considerable depth when circulated by light 
winds. On cloudy nights, if the skies become clear, a pilot must be 
alert to a rapid drop in temperature owing to radiation, and the 

quick formation of ground fog. 

Civil Aeronautics Regulations for Visibility. Concerning 
visibility, X type weather exists when the visibility value is less 
than 1 mile; aircraft arrivals and departures then cannot be 
authorized, except in the cases of certain public or scheduled 
air-line flights. When the visibility is greater than 1 mile, regula¬ 
tions determine whether flights must be made according to 
instrument flight or contact rules. The regulations are based on 
whether the flight is made during the day or night, or in the 
vicinity of, or away from, busy airports. 

The Weather in Military and Naval Aviation 
In General, the Part of Weather in Warfare. The weather 
has often been the deciding factor in military campaigns and 
battles. Napoleon was essentially an artillery officer. His failure 




> (Oflciat photograph, IJ.iS. Navy.) 
Fig. 144. Instruction in weather instruments for naval cadets at tlic Naval Air 
Station, Pensacola, Florida. 

destroyed the powM Spanish fleet. In 1939 the Axis invaded 
and spccessfully conquered Poland during a;,|ew weeks of s,us- 
tained good-weather. The Jair .weather at that time favored 
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at Waterloo is accounted for in part by his inability » bc^cause of 
the muddy field, to move cannon effectively. In 1588 n possible 
invasion of England was prevented when a severe stonn at sea 
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aerial maneuvers and made it possible to move men and equip¬ 
ment quickly. Aviation has become an important and vital part 
of warfare, and the operation of military and naval aviation is as 
dependent on weather conditions as is any other type of aviation. 
Tliereforc, in order to wage modern warfare successfully, it is 
essential to have reliable weather information and forecasts. 


Figtires 144 and 145 show aviation cadets receiving meteorological 
(aerological) instruction at the Naval Air Station, Pensacc^, Ma. 

High-altitude Bombing. When operating at high altitudes, 
bombers arc safer from the antiaircr^t fire of land batterks. 
They are more difficult to see and to hit. High-altitude bombing 
during the daytime is carried out at elevations above the ground 
varying from 18,000 to 30,000 feet. At night considerably low^r 
altitndes are down, particularly if the defenders are lively to be 
caught unaware. In order to bomb accurately frorn big eve s 


{Ujpezat 'pnoiogra'prit u.o. lyu-vy.} 

Fiq. 145—Cadets at the Naval Air Station, Pensacola, Florida, receiving aerological 

instruction. 
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the bombardier must be able to see the target. Weather condi¬ 
tions must be such that the ceiling is u nl imited and the visibility 
good. The wind direction at flight level must also be determined. 
Tor greater accuracy bombers fly into the wind, i.e., toward the 



^ecUon tom wUd, Iho is blowmg. ISe speed of the plane 

then IS slower mth reference to the ground, and the bomhardier 
has a loyr mterval of time in which to aim at the target. 

opposition 

IS enpecled tom the defenders. This results in a shorter 1^ of 
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time during which the bomber is exposed in the ricmity of the 

target. 



Fig. 147. —Dive bombing, maneuvering downward from a high altitude, the pilot 
evades antiaircraft fire until he spots the target. At about 5,000 feet he moves into the 
dive, releasing the bomb and pulling out at a lower elevation. 


Low-altitude Bombing. This type of bombing may be 
employed when the ceiling is low and the visibility poor. It has 
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certain advantages. A bomber can often keep out of sight during 
approaeh, especially in hilly sections. Surprise and a inore defi¬ 
nite and precise type of attack are possible at lower elevations. 



{CourUsy of U.8* OJfm of Civilian Dtfefm*) 

Figw 148.—rArea bombing. 


Bombing by Planes in Formation. A target is more likely to 
be hit when bombs ate (popped at the same time by a squadron 
of planes flying in formation. This is known as area bombing. It 
can be employed when the target cannot be seen, because of low 
ceiling or poor visibility. Area bombing is also effective against 
targets that are spread out,,such as large industrial areas. 
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Dive Bombing- Important, but concentrated or small-sized 
taigets, are likely to be attacked by dive bombers. Tbe general 
vicinity of tbe target is approached horizontally at high altitude. 
When over the target, the plane loses altitude by any of a variety 
of maneuvers. These maneuvers should enable the plane to avoid 
attack from the ground or in the air. A final dive is made from an 
altitude of from 4,000 to 6,000 feet. The bomb is released, and 
the plane is pulled out of the dive at an elevation of from 800 to 
1,200 feet, or possibly higher. Bridges, dams, ships, and power 
plants are typical objects of attack by dive bombing. Obviously 
visibility and ceiling conditions must be good in order to carry 
out dive-bombing operations. 

Radio Aid in Bombing. Radio beams may be used to direct 
bombers to a target, and of course this method may be employed 
in times of cloudiness and poor visibility. The method involves 
the installation of radio stations in territory located within a few 
hundred miles of the target. Bombers directed by radio would 
not be effective against small concentrated targets, but large 
areas could be attacked profitably. 

Weather in Selecting Airport Sites 

Sites in General. Other things being equal, weather statis¬ 
tics should be given serious consideration when selecting the site 
for an airport. Before studying weather conditions at.the_several 
available locations, a number of undesirable places can be 
eliminated as follows: hills, trees, buildings, high-tension,wires, 
and other obstructions should not be present if they would 
interfere seriously with airplanes, which must fly low when 
taking off and landing; the cost of the land and its development 
should be reasonable; it should be level and capable of being 
drained; and there should exist adjacent areas capable of being 
fitted into the original plan, for experience has shown that it is 
usually necessary to enlarge airports eventually. 

Weather Considerations. After eliminating certain sites,, as 
described above, weather records for a year, or so should be kept 
at the remaining available locations. The elements noted should 
include fog, smoke, low stratus clouds,, and the surface wi^d 
direction and velocity. Smoke is likely to restrict seriously the 
visibility at places on the leeward side of industrial cities, which 
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is the east side of jnany cities in the United States. liocations 
adjacent to lakes, marshes, and low topography are likely to 
have frequent radiation and advection fogs. Among the condi¬ 
tions that contribute to the formation of radiation fog in low 
places are (1) cold dense air drains to low places; (2) further 
cooling by radiation would result in its reaching the dew point 
sooner ttan surrounding areas of warmer air. Advection fog 
often forms over lake surfaces, especially in the spring and early 
summer. A shift in the wind direction could result in the fog’s 
being drifted over a near-by airport. 



Pig. 149.—large airport of rectangular shape. The diagonal-lined areas are for auto¬ 
mobile parking. 


In determining the directions for the principal runways, the 
prevailing wind directions are considered. In many parts of the 
United States, the wind prevails from the southwest during 
the warmer part of the year and from the northwest during the 
colder months. The prevailing wind direction at some locations 
is determined by near-by hills and other topography. Rectangu¬ 
lar areas might be suitable provided the prevailing winds blow 
lengthwise of the field. Take-offs are longer and landing speeds 
greater in thin air, i.e., air of low density. Air density is depend¬ 
ent on barometric pressure and air temperature. The required 
length of a runway is therefore dependent on the prevailing 
temperature and pressure conditions. The longest run for a take- 
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off would be needed when there is no wind, high temperature, 

and low pressure. 

Summary 

During and following the First World War, aviation devel¬ 
oped rapidly. This development contributed toward, and stimu¬ 
lated the advancement of, meteorology. During those years, 
meteorological studies were made and new theories advanced. 
The Norwegian group of scientists did much in the field of 
meteorology by developing the air-mass and frontal-analysis 
theory. All this activity in meteorology has helped toward mak¬ 
ing aviation more efficient and safe. The knowledge of the 
science of weather not only enables one to understand flying 
hazards, but it also contributes toward more efficient and 
pleasant flying. 

For the purposes of aviation and forecasting it is essential to 
identify and understand air-mass types. Also, it is important to 
be aware of the interaction of air masses with one another and 
with the earth’s surface. These interactions result directly in such 
phenomena as fog, clouds, precipitation, ttubulence, and the 
many other meteorological conditions which definitely affect 
flying. Wind directions at the surface of the earth determine in 
w'hich direction a plane will take off and land. When surface 
winds are strong and gusty, it is not advisable for small light 
planes to operate because of the difficulty of controlling them 
and keeping them from tipping. Wind velocities and directions at 
flight levels determine the amount of drift to which a plane is 
subject while in flight. In thin air, an airplane lands and takes 
off faster, but climbs at a slower rate than it would in air of 
greater density. 

Eough air or turbulence was formerly known as air pockets. 
It is due to both thermal and so-called mechanical reasons. 
Updrafts and downdrafts are of vital importance in mountaiaous 
regions and may be the cause of much difficulty in landing or 
taking off in the vicinity of such obstructions as bluffs and 
hangars. Thunderstorms are phenomena especially associated 
with cold fronts and in certain air masses. Strong vertical cur¬ 
rents are associated with thunderstorms, and they should be 
avoided by flying around them or by staking down the plane 
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until they pass on. Hail can very seriously damage the propeller 
and other parts of a plane. Under certain conditions ice may form 
on a plane and adversely afiect its performance. The pilot must 
be alert to prevent serious formation of carburetor ice. Suet 
instruments as the air-speed indicator and altimeter are affected 
by pressure and temperature conditions. 

In planning a cross-country flight a pilot attempts to take 
advantage of favoring winds and good-weather areas and to 
avoid regions where the winds and weather are not favorable. 
When the visibility is poor and the ceiling is low, flights are made 
with the aid of various instruments. Contact flights are indicated 
when visibilities and ceilings are suitable. In the execution of 
military and naval aviation operations, weather conditions are as 
important as in any other type of flying. 

Questions 

1. In the classification of air masses, what word does the letter 
represent? 

What type of clouds are commonly associated with warm fronts ? 

3. Mention another name often applied to a cold front. 

4. Which ordinarily moves the faster, the warm or cold front? 

5. What weather element is usually very significant in locating 
on a weather map the position of a cold front? 

6. Describe typical weather conditions ahead of a warm front. 

7. What sort of weather accompanies a cold front? 

8. Is the weather behind a'cold front warmer or colder than that 
ahead of the front? 

9. In a low-pressure region which part is often associated with 
thunderstorm activity ? 

10.. In their movements across the United States from west to east, 
what is the average speed of the centers of low-pressure areas ? 

11. Discuss bombing upwind and downwind. 

12. What weather conditions are satisfactory for low-altitude 
bombing? 

13. Discuss bombing when conducted under conditions of dense 

fog. . 

14. Discuss weather conditions in which carburetor icing may be 

expected. ■ 

15. What is the cause of carburetor icing ? 

16. Assume that the altimeter is set to read zero at the surface. If 
the air temperature is colder than the standard temperature, at an 
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elevation of 3,000 feet will the altimeter read more than 3,000 feet 
or less ? 

17. Suppose that the altimeter is set at zero at the time the plane 
is hangared for the night. If a low-pressure area moves into the 
locality, will the altimeter overread or underread the next morning? 

18. Does the air-speed indicator show the actual air speed at all 

levels ? 

19. If an airplane stalls at an indicated air speed of 40 miles per 
hour at sea level, what would be the indicated stalling speed at an 
elevation of 5,000 feet? 

20. What weather' conditions are associated with the formation of 
ice on an airplane? 

21. Describe what you would do if you notice ice start to form on 
tlie plane. 

22. Is it possible for water droplets to remain unfrozen in air the 
temperature of which is below freezing? 

23. Why is it necessary that the pilot know the wind direction at 
various elevations? 

24. What effect do gusts have on taking off or landing an airplane? 

25. Explain the problem that confronts a pilot when approaching 
a inountain on the downwind side. 

26. In finding a suitable location for an airport what features of 
climate would be considered? 

27. Under which conditions would an airplane make the longer 
run before taking off, at Denver on a warm day or at La Guardia 
Field on a cold day? 

28. "Why are thunderstorms dangerous in which to fly ? 

29. If you approach a thunderstorm from the south, would you 

fly to the right or to the left of it? 

30 What would you do if you were flying west and were con- 
iTonted with a cold front along which was a continuous string of 
energetic thunderstorms? 

31. What is the cause of btxmpiness ? 

32. Assume that you ^re flying across a lake on a bright summer 
day. Would you experience a hump or a drop as you cross the 

shore line ? ' . . ^ 

33. Describe an air mass that often exists in the warm sector of a 

low. 

34. What is an occlusion? 4. 4.^ nn 

35. What sort of flying weather would you expect to find m an 

air mass west of a cold front? 

36. Describe the conditions that favor soaring. 
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37. Which ride would be the smoothest, when flying under stratus 

clouds or under cumulus clouds? 

38. When flying between clouds, how far must a pilot remain from 
the edge of a cloud? 

39. Why do fronts offer unfavorable weather conditions for flying? 

40. Why is it considered impractical to fly over a thunderstorm 
rather than around it? 

41. Which condition would offer the poorest conditions of visibility, 
a moderate rain or a moderate snow? 

42. If you were flying contacton a cross-country trip, what 
would you do if weather conditions became poor enough to require 
the use of instruments? 

43. What part of the year, and during what time of the day, are 
thunderstorms most common? 

44. What wind velocity is associated with the formation of ground 
fog? 

45. In attempting to anticipate the formation of ground fog, of 
what significance are the temperature and dew-point reports? 

46. Why is ice dangerous when it forms on an airplane ? 

47. Why is it dangerous to attempt a take-off in strong wind 
conditions? 

Suggested Activities 

1. Examine closely an instrument panel in the cockpit of a light 
airplane. Note the arrangement of the instruments on the panel, 
and determine how each is installed and functions. 

2. Make a sketch of an airport in your vicinity. Show the loca¬ 
tions of runways, buildings, and obstructions, and indicate the 
direction of the city, lulls, and near-by lakes. Describe the favorable 
and unfavorable climatic features of the airport’s location. 

3. Make a list of things relating to weather conditions which in 
the interest of safety you think should be made the subject of Federal 
regulation; no doubt many of your suggestions have been enacted into 
law- 

4. Examine carefully a weather map. Write an explanation con¬ 
cerning the reasons for locating fronts where they are, and show why 
the air masses were identified as indicated. 

5. List several types of clouds, and describe the weather con¬ 
ditions you would expect to encounter when they are present. 

6. Plan a cross-country trip to be made by airplane. List the 
weather conditions in which you would be interested, and show what 
effect they would have on the instruments, your airplane, and the trip. 
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7. List weather conditions, that would likely be encountered during 
two cross-country trips from east to west, one north of the center of a 
•low, and the other south of the center. 

Topics por Class Reports 

1. The effect of various weather elements on visibility and ceiling. 

2. Weather conditions in military and naval warfare, 

3. Flight conditions in winter and in summer in the United States. 

4. Planning a small airport. 

5. The identification of air masses and fronts, and their relation 
to flying. 

6. The effects of a change in the wind direction during a flight. 

7. Observing the weather while making a flight. 

8. Visibility at the surface and at flight levels. 

9. The heights of clouds. 
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Appendix A. The Seasons 


The enrili rotates on its axis once every day (24 hours) and revolves 
aroiind the siin once each year (365^ days). The earth’s axis is inclined 231*^ 
to\yard the plane of the earth’s orbit and always in the same direction,’ the 
North Pole pointing toward The North Star (Chap. I). This means that the 
position of the axis at any given time is parallel to the position at all other 
times of the year. This inclination and parallelism of the axis and the earth’s 
revolution around the sun are responsible for the following: 

1. The migration of the vertical rays of the sun 23rN, and 23|°S. of the 
equator 

2. A day-to-day change in sun altitude everywhere 

3. Differences in the length of day and night 

These three factors combine to produce the change of seasons. If the axis 
were not inclined but were perpendicular to the plane of the earth’s orbit, 
there would be no change of seasons on the earth, and the vertical rays of the 
sun would remain constantly at the equator. If the axis were inclihed more 
tlian 23|°, the change of seasons would be somewhat more extreme than.at 
present. 

The migration of the vertical rays of the sun over 47® of latitude twice 
eacli year makes it possible to determine four important dates. They are: 

1* The equinoxes —the two days on which the vertical rays; of the sun 
cross the equator 

The solstices —two days on which the . vertical rays reackTheir 
greatest distance from the equator 

Twice eacli year the sun’s noon rays are vertical at the equator (sun 
altitude 90°), once on March 21, called the 2 ;^rnaZ egmnoa;, and again on 
Se|)teinber 22, called, the autumnal equinox {Fig. 147). The time interval 
between equinoxes is exactly, the same, hut the dates fall on different days of 
the month, ( 21, 22, 23) because of irregularities in the calendar now in use. 
Since the vertical noon rays strike the equator, the circle of illumination 
|)asses through both poles and cuts all the earth’s , parallels exactly in half. 
One half of each parallel (180°) is in light; the other half, in darkness. Con¬ 
sequently all places on the earth have equal, day, 12 hours, and equal nightj 
12 hours. (Equi~nox means ‘‘'equal night.”) The tangent rays, where sun alti¬ 
tude is zero, touch the poles. Maximum solar energy is being received at the 

269 



270 


EliEMENTARY METEOROLOGY 


equator and diminishes regularly toward either pole. Seasons in the north and 
south intermediate (or temperate) zones are reversed. This means that on 
March 21, for example, the season in the United States is spring and in 
Argentina autumn. 


dec, 22-WINTER SOLSTICE 'J^NE 21 — SUMMER SOLSTICE 

(NO. HEM.) every |o‘ OF UTITUOE 



Fig. 150. —On the equinoxes, 
when the sun's vertical rays are at 
the equator, the circle of illumina¬ 
tion cuts all the parallels in half, 
and days and nights are equal in 
length over the entire earth. At this 
time insolation decreases regularly 
from equator to poles. At the times 
of the solstices, the sun's vertical 
rays have reached their greatest 
poleward migration. The circle of 
illumination cuts all the parallels 
(except the equator) unequally, so 
that days and nights are unequal in 
length except at latitude 0®. 


After March 21 the vertical rays continue northward in the Northern 
Hemisphere. On June 21, called the summer solstice, the earth is approximately 
midway in its orbit between the equinoctial positions, and the North Pole is 
inclined 23toward the sun (Pig. 150). The vertical rays of the sun travel 
the same number of degrees from the equator as the earth’s axis is inclined. 
Thus on June 21 the vertical rays have reached their farthest point north, 
touching the parallel 2SJ®N. which is called the Tropic of Cancer. The tangent 
rays in the Northern Hemisphere pass over the pole and reach the Arctic 
Circle, 66|°N. In the Southern Hemisphere the tangent rays do not reach the 
pole but terminate at the Antarctic Circle, 66^°S. Both Aorctic and Antarctic 


B5FT. 22—AUTUMN! EOUINOX 
el—SPRING, equinox! 
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Circles are from their respective poles. All parts of the earth north of the 
Arctic Circle have constant daylight; south of the Antarctic Circle June 21, 
constant darkness. All parallels, except the equator, are cut unequally by the 
circle of illumination, those in the Northern Hemisphere having their larger 
parts toward the sun so that days are longer than nights. Longer days, plus a 
greater angle of the sun s rays, result in a maximum receipt of solar energy 
in the Northern Hemisphere, and a summer season is the result. In the 


Southern Hemisphere at this same 
time all these conditions are 
reversed, nights being longer than 
days, and the sun’s rays relatively 
oblique (low sun altitude), so that 
receipts of solar radiation are at a 
minimum, and winter conditions 
prevaiL 

On December 22, called the 
winter solstice^ when the earth is in 
the opposite position in its orbit 
from what it was on June 21, it is 
the South Pole that is inclined 23^^ 



toward the sun (Fig. 150). The sun’s 
noon rays are then vertical over the 
Tropic of Capricorn (23 ^®S.), and the 
tangent rays pass 23^® over the 
South Pole to the Antarctic Circle 


Fig. 151. —^The sun’s path across the sky 
at different seasons is shown as it appears to 
an observer 0 somewhere near the latitude 
of Philadelphia, Springfield, Ill., or Denver. 
Only on the equinox does the sun rise due 
east and set due west. In summer it rises in 


(66J®S.). Consequently south of 
66|®S. there is constant light, and 
north of 66|®N. there is a con¬ 
tinuous absence of sunlight. All 
parallels of the earth, except the 
equator, are cut unequally by the 
circle of illumination, with days 
longer and the sun’s rays more nearly 
vertical in the Southern Hemisphere. 


the northeast and sets in the northwest. In 
winter it rises in the southeast and sets in 
the southwest. On all days of the year it is 
south of the observer at noon. Note how the 
angle of the sun’s rays (sun altitude) at 
noon decreases from summer to winter. 
In summer it is represented by the angle 
BXY (about 74®); in autumn and spring by 
AXY (about 50®); and in winter by WXY 
(about 26°). In general the lower the sim 
altitude the lower the temperature. 


This, therefore, is summer south of 

the equator but winter in the Northern Hemisphere where opposite 


conditions prevail. 

[Because of the iucHnation of the earth* s axis, the path of the sun across 
the sky during the day varies greatly in difEerent parts of the world. At the 
equator, at the time of an equinox, the sun rises due east, is directly overhead 
at noon, and sets due west. Hawn and twilight are of much shorter duration 
than in middle or high latitudes. On June 21 at the equator the sun rises nor* 
of east, is north at noon, and sets north of west; on December 22 it rises south 
of east, is south at noon, and sets south of west. x, * 

In the Northern Hemisphere, north of the Tropic of Cancer, the ]^th of 
the sun is entirely unlike that in the vicinity of the equator. Since the Tropic 
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of Cancer is everywhere south of the United States, the noon sun is always 
south and never is directly overhead at any point in this country. However, 
at Key West, Fla., the southernmost point in the United States, the noon 
sun is extremely close to a vertical position on June £1. On this same date 
much of the country has 14 to 15 hours of sunlight, the sun swinging in a 
large arc across the sky, rising in the northeast, being south at noon, and 
setting in the northwest (Fig. 151). In Canada the hours of sunlight on June ^1 
vary from 16 to M, depending upon nearness to the Arctic Circle. The farther 
north the longer the day. On the west shore of Lake Winnipeg is a summer 
resort where, especially in June and July, the long days are very noticeable 
and where by August the growth of grasses, buslies, and vines is so thick 
that fit is almost impossible to see from one cabin to another. The rapid 
growth of vegetation during the summer is due in part to the long days. The 
path of the sun on the north coast of Alaska on June ^1 is interesting. Barring 
clouds, the sun appears in the east in the morning, soutli at noon, west in 
the evening, and north at midnight, thus swinging around the observer in a 
huge circle, being higliest above the horizon at noon and lowest at midnight. 
On this same date Little America in Antarctica experiences continuous 
darkness. 
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Supplementary Climatic Data for Selected Stations 

(T*, temperature in degrees Fahrenheit; Rf.» rainfall in inches) 
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Supplementary Climatic Data for_Selected Stations,— 

{Continued) 

(T., temperature in degrees Fahrenheit; Rf., rainfall in inches) 



Stations for which data are given abo.ye«>' 
1. Georgetown, British Guiana 
2* Colombo, Ceylon 

S. Col6n, Canal !^ne 

4. Saigon, French Indochinafi 

5. Darwin, Australia 

6. Mandalay, Burma 

7. Addis Ababa, Ethiopia 

8. Baghdad, Iraq 

9. Port Nolloth, Union of South Afrfca 

10. Monterrey, Mex. 

11. Astralpian, TJ.S.S.R. 

12. Adelaide. Australia 

13. Capetown, Union of South 

14. ^ers (Alifiers), Algeria 

15. Buenos Aires, ArgentinaJ 


16. San Antonio, Te*. 

17. Durban, South Africa 

18. Bergen, Norway 

19. Valdivia, Chile 

20. Victoria, Can. 

21. Omaha, Neb. 

22. Milano (Milan), Italy 

23. Mukden, Manchuria 

24. Winnipeg, Can. 

26. Uppsala, Sweden 

26. Tomsk. U.S.S.R. (Siberia) . 

27. Halifax, Can. ^ 

28. Arkhangelsk (Archangel), TT.S.S.1I; 

29. Dawson, Can, 

80. Spitsbergen 























Appendix G. 

Meteorological Instruments 
and the Weather Map 


In the study of the atmosphere it is desirable that at least a few weather 
instruments be available for daily observation. A complete set of meteorologi¬ 
cal instruments of the best kind is very expensive, yet a few essential ones 
may^ be purchased at reasonable cost. These should be housed in a case built 
outside one window of the laboratory. It should have a glass door facing the 
window, and the other three sides should be sufficiently open to allow free 
circulation of the air. At very small cost, bulletins may be secured from the 
U.S. Weather Bureau describing instrument cases and instrument installation. 
Teachers and interested students should 
secure the list of publications for sale 
by the Weather Bureau. It is sent free. 

The two most essential instruments 
needed to forecast the weather are 
the harografh and the wind vane. A 
barograph is cheaper than a mercury 
barometer. It traces a curve on graph 
paper showing changes in air pressure. 

One needs simply to glance at the curve 
to note whether the barometer is 
rising or falling. Much cheaper than a barograph is the aneroid haromet&r, 
which, if used in forecasting, requires that the observer record the reading at 
least every SO minutes in order to note changes in pressure. The wind vane 
is a simple arrow, free to rotate as the wind changes direction (Fig. 152). 
It can be made in any workshop. Metal vanes are more durable tBan wood. 
Aluminum paint is recommended. The vane should be placed on top of some 
building where it is visible from the laboratory. It needs to be emphasized 
that the arrow points toward the direction jrom which the wind is blowing. 

Measxtbing Temperature 

A great many thermometers employ mercury as an indicating medium. 
Like most metals, mercury expands when temperature rises and contracts 
when temperature drops. Some thermometers make use of dear or colored 
alcohol which has the advantage of having a much lower freezing point 
than mercury. 
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Fig. 152.—The wind vane points 
toward the direction from which the 
wind is blowing. 
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The two temperature scales most used are the Fahrenheit and the centigrade. 
On the Fahrenheit the freezing point of water is 32° and the boiling point 



Fig. 153.—The thermograph. Clockworks inside the cylinder cause it to revolve 
once a week. Expansion and contraction of the sensitive metallic coil A is such that tke 
temperature indicated by the pen point corresponds to the reading of a thermometer. 



SI 2°; on the centigrade the freezing point is 0° and the boiling point is 100°. 
Thermometers used to record air temperature should never be exposed to the 
direct rays of the sun. 

The thermograph is an instrument 
that records air temperature on graph 
paper. These instruments are of several 
designs. One consists of a cylinder made 
to revolve once each week by means of 
clockworks inside (Fig. 153). A sheet 
of graph paper is fastened on the out- 

f ’A side. A pen. point that rests on the 

Mercur:^ traces the temperature curve. 

A maximum thermometer is one in 
which the mercury rises to the highest 
temperature of the day and remains 
there (Fig. 154*). This thermometer 
also is used by doctors when taking the 
temperature of the human body. 

The minimum thermometer, which 
employs clear alcohol and a tiny black 
float, records the lowest temperature of 
the day (Fig, 154). 


Fig. 154.—Maximum and minimum 
thermometers. In the maximum ther¬ 
mometer a constriction A above the 
bulb permits the mercury to rise in the 
capillary tube but does not allow, it to 
return except when the thermometer is 
given a vigorous shaking. The minimum 
thermometer uses clear alcohol and 
must be placed at an angle of about 20*^. 
The black float B is pulled downhill to 
the lowest temperature of the day by 
two forces: the surface tension of the 
top of the alcohol column aiid the force 
of gravity. 


Measuring Atmospheric Pressure 


A simple mercury barometer is made 
by filling a glass tube about 3^ inches 
long with mercury and inverting it so that the open end of the tube is below 
the surface of mercury in a dish of some kind (Fig. 155). The mercury column 
at sea level will be about 30 inches high and is equivalent to a pressure of 
about 15 pounds per square inch. For several thousand feet above sea level, 
the column decreases about 1 inch in height for each 900 feet increase in 
elevation. As storms come and go, the weight or pressure of the atmosphere 
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upon the surface of the mercury in the dish changes, and this causes the top of 
the column of mercury to rise and fall. Over most 
of the United States a falling barometer, accom¬ 
panied by winds from the northeast, east, or south¬ 
east, indicates the approach of xmsettled weather. 

A rising barometer with winds from the southwest, 
west, or northwest usually foretells fair weather. An 
accurate mercury barometer is quite expensive. 

An aneroid barometer is made by exhausting the 
air from a thin, circular, metallic box (Fig. 156). 

With practically no air pressure on the inside and 
15 pounds (or less) per square inch on the outside, 
it is evident that the box would collapse were it not 
for a strong spring inside. K one side of the box is 
made immovable, the other side will move owing 
to changes in atmospheric pressure. The surface of 
the metallic box is corrugated to increase the area 
exposed to the air. The movement of the spring 
causes an indicating arm, or pointer, to move over 
a scale of figures corresponding to the readings of 
a mercury barometer. Since air pressure decreases 
rather regularly with increase in altitude, the 
aneroid is used to make altimeters (Fig. 157). On the 
altimeter the indicating arm moves over a scale 
marked ofi in hundreds and thousands of feet above 
sea level. Good aneroids, to be used for noting 
changes in air pressure caused by the passing of 
storms, vary in price. 

The barograph is an instrument that records 
atmospheric pressure on graph paper (Fig. 158). As 
in the case of the thermograph, the paper is fastened 

on the outside of the cylinder. Clockworks inside the cylinder cause it to 


T 


55 




Fig. 155.—-The mer¬ 
cury barometer. At sea 
level, atmospheric pres¬ 
sure (or weight) is ■ suffi¬ 
cient to balance the 
weight of a column of 
mercury about 30 inches 
high. As elevation above 
sea level increases, at¬ 
mospheric pressure de¬ 
creases. 



Fig. 156.—The aneroid barometer. A cross section of the circular metallic vacuum 
box with spring inside is shown. The walls of this box move slightly as changes in atmos¬ 
pheric pressure occur. This movement is transferred to an indic^vting arm which in turn 
moves over a set of figures on the face of the dial. The words ‘‘rain,” “change,” and 
“fair” cannot be used unless they are set for the elevation above sea level where the 
instrument is to be used. 
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rotate once a week. Tke pen point that traces the pressure curve on the paper 
is made to move up (rising barometer) or down (falling barometer) by means 



Rig. 157.—^The altimeter. In the 
lower figure, will the pointer move 
toward A or B when altitude in¬ 
creases? Why? It should be remem¬ 
bered that changes in atmospheric 
pressure due to the passing of storms 
may cause considerable error in the 
altimeter reading. This is another 
reason why airplane pilots must be 
familiar with the weather map. 

may be obtained by observing the 
Weather bureaus and aviation 
by means of the anemometer 


of a series of levers attached to a com¬ 
pound aneroid. The several aneroids in 
tandem provide a more pronounced 
response to changes in atmospheric 
pressure than would be indicated by a 
single aneroid of the same size. As stated 
previously, this instrument clearly shows 
the changes that are taking place in air 
pressure, and these changes often indicate 
the nature of weather to be expected 

Wind Velocity 

Wind velocity may be gauged to some 
extent by several methods. If the leaves 
on a tree are perfectly quiet, a calm pre¬ 
vails. A strong wind will cause tree 
branches to move noticeably. Winds of 
gale or hurricane velocity usually do con¬ 
siderable damage. If a small airplane pro¬ 
peller is fastened to the pointed end of the 


wind vane, some idea of wind velocity 
speed at which the propeller turns, 
companies ascertain accurate wind velocities 
(Fig. 159). This instrument consists of three 
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made anemometer of rough design. Three or four aluminum cups can be 
fastened to an upright arm pivoted at each end so that it turns easily. An 
e ectncal switch can be arranged at the bottom of the arm so that each time 
the cups rotate once an electrical circuit is closed, which wiU cause a small 
light in the laboratory to flash. By counting the flashes per'minute, some idea 
of wind velocity is obtained. 

The so-called “Beaufort Scale” of wind velocities was devised by Admiral 
Sir Francis Beaufort of the British Navy in 1805. It is a useful method of 
estimating wind velocities, and is given m condensed form below. 


llKAirFon r Scauk op Wnm Velocity (Complete Table on Page 223) 


Name 

MUes per 
Hour 

Indicated hy 

Calm 

Less than 1 

Tree leaves quiet. Smoke rises vertically. 

light breeze 

1- 7 

Leaves rustle. 

Gentle breeze 

8-12 

Leaves and twigs in constant motion. 

Moderate breeze 

13-18 

Raises dust. Small branches move. 

Fresh breeze 

1J^24 

Small trees in leaf begin to sway. 

Strong wind 

25-38 

Large branches and whole trees in motion. 

Gale 

81)-54 

Tree Hmbs break. 

Whole gale 

55-75 

Trees uprooted. Seldom experienced inland. 

Hurricane 

Above 75 

Extremely destructive. 


Measuhing Humidity 

Instniments used to determine the relative humidity of the air are called 
hpp'cmders. Three types will be mentioned 
here. They are (1) the wet- and dry-bulb 
hygrometer, (^) the hair hygrometer, and (3) 
die hygrograph. 

The and dr^-hvlh hygrometer provides 
the easiest and most accurate method of deter¬ 
mining relative humidity. One good thermometer 
is all that is necessary. First the temperature of 
the air as shown by the thermometer is noted. 

Next, a piece of fine, loosely woven muslin is tied 
around the bulb and moistened. Then the instru¬ 
ment is fanned vigorously. Evaporation of The anemom- 

water from the cloth will cause the temperature velocity of the wind 

to drop. The drier the air (low relative humidity) in miles per hour, 
the lower the thermometer will read. Subtract the 

two temperatures to get the difference between the wet- and dry-bulb readings. 
Now refer to the chart that accompanies the exercise on humidity in the 
laboratory manual. Using the figures already obtained and following the 
simple instructions that accompany the chart, the relative humidity can be 
determined. 
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Once the relative humidity is known, it is an easy matter to determine 
the absolute humidity and the dew point. Studies are being nui<le of tempera¬ 
ture and dew-point data in an effort to ascertain ihos<^ c^onditions of the 
atmosphere which are most likely to cause icing of airplanes. 

The ding psychrometcr consists of a metal strip to whic-li two iherinomcters 
are securely fastened. One thermometer bulb is covertnl with a which 

-...... .. can be moistened when niaking a test. The 

( 0 ) upper end of the metal strip is lastcnuMl to a 
handle in such a way that tlu^ t wo Hi<‘nnoinctcr,s 
can be whirled around at a rapid d In* nhary 
motion is continued until tin* wtd.-bulh tempera¬ 
ture ceases to drop. Then the two tln‘rnu>nicters are 
read, and reference is nnule to the rt‘la.t i%'t‘ huniiti- 
ity chart as explaine<l for ilu^ wet- aiul <lry“hulb 
hygrometer. Official WeathcT liimMiu iesis for 
^fhum^n ^fr humidity are made by the whirling wet- ami <Iry- 

bulb method. 

hair hygrometer is less ac<mra{.e than the 

wet- and dry-bulb method. Human hair, from 

which the oil has been removed by tising ether, 

becomes longer as the relative humidity of the air 

increases. This change can be made to itiove ao 

/ indicating needle which movtss over a s(*ide, the 

t graduations of which read from 0 to 100 ptw ctuit 

r —.■®=.7=i-[-L (Fig. 160). Exposure to the air causes the hair to 

\ become dirty and perhai)s gr<‘asy, thus <le(‘reasinfj 

\ the accuracy of the instrument. The hair must ])e 

z; ^ ^ cleaned occasionally with ether or otlun* suitable 

Fig. 160.—Hair hygrom- . . 

eter (much simplified). As 

relative humidity varies, the The hygrograph, which is a form of hair 
length of the human hair hygrometer, is an 'instrument that re<-or<Is rela- 
changes, causing an indi- tive humidity on graph paper. As with the I hc^rnio- 

sSf^Sres^adLrfrom aad barograph, a shoot of graph pai«'r is 

0 to 100 per cent. fastened on the outside of a cylinder wln<*h rota tes 

once each week. The pen point that irae<\s the 
relative humidity curve on the graph paper is made to move up and down by 
an arrangement of levers fastened to several strands of human hair. 

Some self-recording instruments are extremely sensitive to (pu<‘k <*hangcs 
in meteorological conditions. Let us suppose that a warm, moist .sotilli wiml 
is blowing and that there is an instantaneous change to a cold norlhwthst 
wind. The thermograph curve may drop vertically 15° or barograph 

curve will show a sharp increase in pressure; and the hygrograph reading may 
drop 30 per cent or more. 


Fig. 160.—^Hair hygrom¬ 
eter (much simplified). As 
relative humidity varies, the 


eating arm to move over a 
scale of figures reading from 
0 to 100 per cent. 


Measuring Precipitation 

Precipitation may fall in the form of rain, snow, sleet, or hail. In ease it 
falls in the solid form, it is melted, and the water is measured in a standard 
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ram gauge. Ordmanly, 8 to 12 inches of snow will equal 1 inch of rain. The rain 
gavigc consists of a galvamzed-iron cylinder 8 inches (sometimes 12) in diameter 
and about a foot deep. The bottom of the cylinder is funnel shaped with a 
small opening to allow the water to be drawn off. In order to measure small 
amounts of ram, the water from the large cylinder runs into a 
■smaller cylinder (Fig. 161). Thus water that is 1 inch deep in 
the large cylinder is “stretched out” in the smaj] cylinder to 
a Icngih sudicient for graduations of lir inch to be shown. 

1 >cptli of .snow may be measured by an ordinary yardstick 
on level ground where no drifting has occurred. A snow gauge 
may be constructed of an upright galvanized cylinder, about 6 
inches in diameter and 3 feet deep. All rain and snow gauges 
must be .so expo.sed that buildings and trees do not interfere 
with t.lu^ fall of precipitation. 

.l^ledrical devices loi' recording rainfall may be observed 
at. most weather bureaus. A sheet of graph paper is placed on 
the outside of a cylinder which rotates once every 12 hours 
(instead of once a week, as with the thermograph, barograph, 
and hygrograpli). The more rapid rotation is necessary in 
order to record extremely heavy rains. A pen point resting bn 
t he graph paper records each Thr inch of rain at the time it falls. 

Other Weather Data 

The cloud ceiling is the altitude of the bottom of a cloud 
layiT. 1 . 0 W (‘(hlings, ellaractCtistie especially of stratus clouds, 

<*()nst it ut.e one of the greatest hazards in aviation. The height 
of tlu^ <‘<‘iliiig is ascertained by releasing a rubber balloon 
about feet in diameter filled with a definite amount of 
hydrogen. Its ascent is watched carefully through a tele¬ 
scopic instrument emailed a theodolite. The balloon rises about 

(>()() fe(‘t per minute-1 f it disappears in the clouds in 3 minutes, _ 

it is evident that the ceiling is about 1,800 feet. On clear Rain gauge.* In 
ihiy'H the balloon may be observed for a considerable length the large funnel 
of tinu^ Its path enabhis tlie meteorologist to determine the 1 inch of water 
direeli()u and velocity of winds aloft. the 

IJpp(‘r air data arc obtained by meteorographs carried aloft graduated cyl- 
hy airpla,n(‘H. The me t<.)Orograph recordstemperature, pressure, inder so that 
and n'hitivc humidity during the entire flight. The radfo- jJjj' inch of 
victeorograph ha,s b<‘eu developed. It consists of a radio trans- rain can be 
milling unit, a bal.tery unit, and a meteorograph. When the v 

inst runumt is carried aloft by a balloon, it automatically broadcasts upper 
air w<‘at,her <iata to a specially designed radio receiving set on the ground. 
The total weight of some radio-meteorographs is less than two pounds. 

The Weather Map 

Four times daily, at 1:30 and 7:30 a.m. and p.m., Eastern Standard time, 
weather observers at about 250 stations scattered over North America make 
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eareful weather observations. These observations (temperatxire, pressure pre¬ 
cipitation, wind direction and velocity, etc.) are reported by telegraphic coda 
to the U.S Weather Bureau at Washington, D.C., and to regular government 
weather stations througliout the country. Code is used, because it increases 
brevity of reports, s|Ves time, and is economical. It is not used for secrecy^ 
At Washington, at dikrict forecast centers, and at local centers, trained men 
decode the messages and transfer the information to a skeleton map of North 


America (or the United States). The result is a picture of weather conditions 
known as the datl^ weather maf. Abbreviated and simplified weather maps are 
published in many daily newspapers. 

At the more important weather stations, especially those located on trans¬ 
continental air lines, additional weather maps are made at 1:S0 A.M. and 
1:30 P.M., Eastern Standard time. Along the major transcontinental air lines, 
weather data are being transmitted and received by teletype machines at all 
hours of the day and night. This service makes it possible to inform avlatoia 
of the sudden changes that often take place in the atmosphere. Such informa¬ 
tion has to do especially with the location of storm centers and fog, the height 
of the doud ceiling, wind direction and velocity, and the degree of visibility 
at various landing fields along the route. 

The weather map is of value in several ways but especially (1) in showing 
actual weaker conditions over the coimtry at the time of observation and 
(2) in providing the necessary data for making weather forecasts for the next 
day. Since weather information is valuable in many lines of work, and since 
the maps are published in many newspapers, a description of the essential 
features of the weather map will now be considered. 


On the large skeleton map used in regular weather bureau offices, the 
location of the 250 or more weather stations is indicated by open circles. It 
IS customary for one man to decipher the code messages; as he recites the 
name of a station and its weather data, another man writes the figures on 
the skeleton map at the correct place. When this is completed for all stations 
isobars and i^other^ are drawn. An isobar is a solid line that 
1 pressme. (All pressure readings 

anoiietTf tliey are telegraphed from one station to 

Mans temperature, 

^s pmted m newspapers usually show only the isobars, temperatures 
bemg mdicated by figures at a number of cities. I'erueurt.s 

station f weather conditions at that 

station are shown by symbols, some of which are as follows: 


O Clear 
d Partly cloudy 
# Cloudy (overcast) 

® Sky obscured by fog, snow, or 
duststonn 


O Eain 
@ Snow 

South East wind, gentle 
wind, strong 
R Thunderstorm 


Shaded portions of the weather 
cipitation is occurring. 


map indicate those areas where pre-* 
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On some maps, feathers are drawn at the end of the wind arrow, the 
number of feathers indicating the wind velocity. 

When the map is completed, it may he noted that ^veral isobars form 
rough ovals about a point of low pressure. The word is printed in the 

center of these ovals. This formation is called a low-pressure area, or cyclone. 
If the ovals form about a point of high pressure, the word “high’’ is printed 
in the center and an anticyclone is indicated. All lows and highs are not to be 
thought of as cyclones and anticyclones. A well-developed storm (low) 
usually will have four to ten encircling isobars and will be characterized by 
precipitation and often rather strong winds. 

Warm and cold fronts are indicated by colored lines and the abbreviations 
of air masses, such as Tg (Tropical Gulf) and Pc (Polar Continental), are 
stamped on the map at appropriate places (see pages 119-1^^). 

If the air mass is warmer than the surface over which it is moving, the 
letter W is added to the air mass symbol; if colder than the surface, the letter 
K is added. 

Charts showing weather symbols may be secured from the U. S. Weather 
Bureau. Excellent cloud charts also are available. 

Note: At the present time (194^) war restrictions prohibit weather 
bureaus from giving detailed daily weather information to the public. 






Appendix D. Interpn^lalion 
of Maps 


Maps are graphic representations of tlie siirfatn^ of lh«* rfirfiu I1iry mw 
used in many fields of learning but especially in earth Kririiees. For ?»liif|rr 4 
of geography the map is an essential tool, a nutans of nnairdiiig i*ii4 mtm 
a manner of expression. Maps are almost infinite in iiiJinher* fiintir rfiitl 

meaning, and they constitute almost a language in thoinselvf^H^ Soiiir 
are works of art and^ demand a high degree of skill in tle.^ign, eoii^lriirtioii* 
and coloring. A person highly tramed in the iU’t of miip iniikiiig in riilfr«i » 
cartographer.. 

studying a good map, three essential h^afjires slionlii 
(1) the scale of the map, (^) the map proje<‘tion, and (:l) the fy|ieM of 
represented on the map and the meanings of the varii.>tnH kinds of iif 

devices used to show them. 

The scale of the map may be indicated in one or more wtiyn, 

1. By a line graph. Example; 


L. ■ " I I I 


_L 


IVI I j t:; 


-L 


L 


° ■' 2 3 4 5 —g y 

2. By a statement of the proportion used. Exau'ido: 

1 inch = 50 miles. 

3. By a representative fraction. Example: 


© 


1 

C3:iw’ or 1:63,300, 


oartlF'-l 

rilt-rfi 


be used. ° ®®’oilier units, such a.H the <cnliinelt‘r, mny 

andtiSfdia^rM^v’J'’'-''^?^ speaking, is a system of drawhtg par.-dlols 
computations ’ True result of CHnnplieat.xi maUH-aiatiraJ 

globe the outer shell of which nn . paix-r. Imagine a hollow 

Parallels and meridians are nainted”^*\i* hemi.sphere.s of i-Iejir pla.HH. 

are pamted on the outside of the „las,s. and an <.l.a.t rh 
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light is put inside the globe, say at the center. When placed in a dark room, 
the sliadows of the lines, cast on a sheet of paper that is tangent to the globe 
siirfa<‘tN can be traced. By changing the position of the light or of the sheet 
of paper or both, different arrangements of parallels and meridians may bo 
secur<‘d. 

Some map projections are constructed so that they represent the shapes 
of land area.s and seas correctly; others show sizes correctly. It is impossible 
lor any projcKdioir that includes a considerable area to accomplish both these 
obj(‘<*liv(^s. Some accomplish neither. An equal-area map may show certain, 
lain I and water bodies badly distorted in shape. Likewise, a map that maintains 
llu^ true shapes of ai*eas may be very misleading if used to compare the sizes 
of laud or sea areas. It is well to remember that the only true representation 
of the whole earth is a globe. 
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Fig. 162 . —Mercator’s projection. 


Mercator's projection (Fig. 16£), which is used for maps of the world, was 
first publi.sh(‘d in 15C)9, In this projection both meridians and parallels are 
straight liiu^s, always crossing at right angles. The meridians, instead of coming 
togi^thcr at the poles, are drawn as parallel lines and thus in high latitudes 
(from about t\m tJOth parallel to the poles) are much too far apart. To balance 
this gn‘at distortion, the parallels also are spaced much farther apart in high 
lal it tides than near the equator. Thus an area 10° by 10° in Alaska is much 
hirg<‘r tlia.li one on the equator. A serious objection to the Mercator map (for 
s(’hool us(‘) is that land and water bodies in high latitudes are greatly exagger- 
at(‘(i in size, Grccmland appears larger than South America when in reality 
its ar<ni is less than that of Argentina. Furthermore, no single scale of miles 
can be used for all parts of the Mercator map, and it is virtually impossible 
to show polar regions. Two advantages of this projection should be mentioned. 
Oru^ is Ihc ca.se of telling the direction from one place to another. This map is 
csp(*<ually valuable to navigators because they can draw a straight line from 
one i)lacc to another and thus determine the sailing course. However, the 
€reat Cirdo route (shortest path) between important seaports is seldom a 
straiglit line on the Mercator map. In order to follow the Great Circle the 
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navigator isnist make frequent changes in his compass course. A secon<l advan¬ 
tage of this map is that relatively small areas are fairly ctorrect in shape. 

Aitoffs projection is representative of several in which the whoh" earth\s 
surface is shown in an oval (Fig. 1,63). It is an equal-area projection. (Con¬ 
tinents near the center of the map are shaped fairly accurately. Toward the 
east and west margins, however, shapes are badly distorted. Figtint 1(>4 is 
drawn on the interrupted Aitoff projection. This has the advantages of showing 
correct size and fairly good shape of land and water bo<lies. It is ne(‘cssary, of 
course, for the eye of the observer to bridge the gaps in the gri<l (‘anstnl by 
the interruptions. By reducing ocean areas and shifting the relative hH'ation 
of Australia, the map is given a compact appearanas. 


h 
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Fig. 163.—Aitoff^s projection. 


Goodens homolosine projection (Fig. 165) is an equal-area map of the world-* 
Since the interruptions are in the oceans, the continents sliow clearly and are 
well shaped. The parallels are straight lines, so that tlie map is well suited to 
the study of comparative latitudes. Equal-area projections of the entire; 
earth’s surface are of great value for the purpose of showing the world <lis- 
tribution of economic data, climatic regions, or soils. On such map.s it is 
desirable that areas be shown in their true proportion to one another. 

The conical projection and its modifications are used for maps of con¬ 
tinents or smaller areas. To understand the simple form of this projection, 
imagine a large paper cone set down upon a globe with its apex dircH't ly al)ove 
the pole of the globe. The cone is tangent to the globe along the (udin; <’ir- 
cumference of a selected parallel, which is called the standard parallel. Bc<*aiisc 
this parallel is everywhere equally distant from the apex of the coin;, it Ixk’ooics 
an arc of a circle when the cone is opened out into a jdanc surhuns and all 
other parallels become arcs of concentric circles (Fig. 166). The nuun<lianH are 
straight lines which radiate from the apex. 

Another modification of the conic projection is called the pob/conie (Fig- 
167). It is drawn as if many cones of different taper were fitted upon a globe, 
each tangent on a different parallel. This projection often is used as a basis 
of detailed surveys, such as the United States topographic maps or the Inter- 

1 J. Paul Goode, late of the department of geography, the University of Chicago, 
contributed much to the art of map making in the United States. Ooodds School Atlm 
is widely used. 
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national Map of the World on a scale of 1:1,000,000. Many maps of the entire 
United States are drawn on the polyconic projection. In ])roj(‘etion 

(Mg. 168) the parallels are concentric circles, but the inoridiaus ai*<^ <*urvc(l 
lines. This produces a grid more like that of a true globe. The great variety of 
maps that may be seen in a good atlas is a result of the niiuu^rous devices 
that are employed to represent different things. A most useful de\’iec is the 
dot ma'p (Fig. 164). Each dot represents a definite nnmber or quanflly. Buch 
maps are excellent in providing pictures of the areal distribution of many 
items such as citrus fruits, corn, or beef cattle. Hound dots, iriangl<‘s, or 
squares may be used. Maps having devices of this kind are culled carUxjmms, 
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Fig, 165.— Goode's homolosino projection, 



The dot map is properly effective only when shown on an equal-area project ion. 
On some maps, dots or squares of different sizes are given graduated values. 
• of particular value in showing the concentration of production, 

mdustry, or mineral wealth in certain localities (Fig. 169). 

™ different ways. A poZ&*caZ map is one on 
which different colors are used for different countries, states, and counties, 
ii^other valuable device is a line that passes through places having the s.-uuc 
characteristic For example, on a map of the United States a line may pass 
though all places having an average January temperature of 10®; another 
Ime, though places that have an average of 20°; another, 30®. Such temp«>ra- 
tuie hues are called, isoiW. On other maps, lines may pass througli places 
having the same annual rainfall, same elevation above sea level, or same rela¬ 
tive hmmdity. Lines may be drawn to show the boundary line between forest 
and prairie or between desert and humid land. 
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Relief maps show elevation of the land above sea level. Various methods 
are employed to show relief, some of them (1) by colors, such as green for 
plains, light brown for low mountains, dark brown for high mountains, (2) 
some by shading one side of a mountain range or hill (Fig. 170) j (3) by hachures 


(tiny lines that show hill and valley slopes), and 
(4) by contour lines. Relief maps are of particular 
value in studying the surface features of the land, 
in laying out railroads and highways, in solving 
drainage and irrigation problems, and in explain¬ 
ing rainfall characteristics of certain regions. 

Contour maps are probably the most valuable 
of relief maps because of their greater accuracy 
in showing elevation. A contour line is one that 
passes through places having the same elevation 
above sea level. The contour interval is the vertical 
distance between two adjacent contour lines. The 



Fig. 167 .—A poly conic pro- 


idea of contour lines, their" spacing, and their jection. 


irregularities may be made clear by a simple 

illustration. In an open tank one may mold an oval mound of wax 6j inches 
higli, steeply sloping at one end and gently sloping at the other. If 6 inches of 
water is permitted to how into the tank, only inch of the mound will pro¬ 
trude. With a sharp point the position 
of the edge of the water upon the wax 
may be marked, and then the water 
level may be lowered by 1-inch stages, 
and the position of each stage marked 
on the surface of the wax. The marks 
made will now appear as contour lines 
on the wax moxmd, the lowest being 
everywhere 1 inch above the bottom 
of the tank, the next % inches, and so 
on to the sixth, as in Fig. 171 A. If the 
mound is viewed from directly above, 
the arrangement of the lines will be that; 
of Fig. 171R, This is the appearance of 
a contour map. It will be noted that, 
where the slope of the mouat is steep, the 
contour lines are close together and that 
they are more widely spaced as the 
slope becomes more gentle. In this iEus- 
Fig. 168.“-Boniie’s projection. tration the contour interval is 1 inch. 

The topographic maps of the TJ.S. Geological Survey depend wholly upon 
contour lines to produce the effect of surface relief. They are printed m either 
three or four colors, each having a restricted meanmg. In black are shown those 
features in the surveyed area which may be classed as cvtture, 
have human origin. In this color are roads, houses, towns, place names, bound- 
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ary lines, and parallels and meridians. In blue are printed all water features, 
both natural and man-made, such, as canals, streams, marshes, millponds, 
lakes, or seas. The various classes of such features are distinguished by 
appropriate symbols in blue. In green, if that color is shown, are areas covered 
by timber or woodland. This feature is shown on a small number of the 



Rig. 169. A cartogram that shows the distribution of a manufacturing industry by dots 

of graduated sizes. 



vTc... iuctp ui .□mtzenana Dy HUmmerly and Frey, of which the W. 


fOther symbols relating to the 
relaUve elevation of the land surface are shown in brown 

that ^ meridians 

are nrint H ^ ^ ^ ocation and extent. The scale and contour intervals 

bel-uwl°° r? T^‘ ^ “°ted carefully when 

St f t' T " """ elevation of the 

numW^^r’ line is heavy and 

numbered. In each surveyed area a few carefully measured points are given 
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permanent markers in the form of numbered metal posts called bench marlcs. 
These are indicated on the map by the letters and the exact elevation of 
each one is given, printed in black. 

The standard United States topographic sheet includes a quadrangle of 
0°15' of latitude and 0°15' longitude. It is printed at a scale of 1/6^,500, or 
approximately 1 inch to 1 mile. Some are drawn on different scales which are 
explained on the back of the map. The contour intervals emploved usually 



Fig. 171. 


are 10, ^0, 50, or 100 feet. On maps of extremely flat land an interval of 
5 feet may be used; on maps of rugged mountains the interval is usually 
100 feet or more. 

Many relief features of the earth are discussed in this book. They can 
foe better understood if they are illustrated by the use of topographic quad¬ 
rangles. A list of specific quadrangles illustrating certain landforms is given in 
Appendix E. 
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Appendix E. Useful Data and Tables 


Avoirdupois Weight 


Metric Weight 

16 drams 

= 1 ounce (oz.) 

1 gram 

— 1,000 milligrams 

16 ounces 

= 1 pound (lb.) 

1 gram 

= 100 centigrams 

7,000 grains 

= 1 pound 

1 gram 

== ID decigrams 

100 pounds 

= 1 hundredweight (cwt.) 10 grams 

= 1 decagram 

2,000 pounds 

= 1 ton 

100 grams 

= 1 hectogram 

2,240 pounds 

= 1 long ton 

1,000 grams 

— 1 kilogram 


1 pound = 

.45 kilogram 



1 kilogram = 

2.20 pounds 



1 gram = 

15.43 grains 



1 metric ton = 

1,000 kilograms = 2,204 pounds 


Linear Measure 


Metric lAnear 

12 inches 

— 1 foot 

1 meter 

= 1,000 millimeters 

8 feet 

— 1 yard 

1 meter 

— 100 centimeters 

164 feet 

= 1 rod 

1 meter 

= 10 decimeters 

40 rods 

= 1 furlong" 

10 meters 

= 1 decameter 

5,280 feet 

= 1 statute mile 

100 meters 

= 1 hectometer 

6,080 feet 

= 1 nautical mile 

1,000 meters 

= 1 kilometer 

1 meter 

= 39.37 inches 



1 mile 

— 1.60 kilometers 


1 kilometer = 0.62 mile 



Time 

60 seconds = 1 minute 
60 minutes = 1 hour 
24 hours = 1 day 
365 days = 1 year 


Longitude and Latitude 
60 seconds (") =1 minute (') 

60 minutes (') =1 degree O 

Highest longitude = 180® 

Highest latitude = 90® 


Atmospheric Pressure 

1 inch = 25.40 millimeters = 33.86 millibars 

1 millimeter = 0.039 inch = 1.33 millibars 

1 millibar = 0.029 inch = 0.75 millimeter 


Length of Longest Rivers 
Missouri-Mississippi 4,221 miles 
Nile - 4,000 miles 

Amazon 3,900 miles 

Ob 3,200 miles 

Yangtze 3,100 miles 

Congo 2,900 miles 

Amur 2,900 miles 


High Mountains 
Everest 29,141 feet 

Godwin Austen 28,251 feet 
Aconcagua 22,830 feet 

McKinley 20,300 feet 

Kilimanjaro 19,324 feet 

Elbrus 18,468 feet 

Whitney 14,500 feet 

Pikes Peak 14,110 feet 
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The Use op Milubahs'- 


MK 

Ifichcfi 

Mb, 

Inches 

Mb. 

Inches 

Mb. 

Tnohesl 

Mb. 

Inches 

Mb. 

Inches 

940 

27.76 

960 

28.35 

980 

28.94 

1000 

29.53 

1020 

30.12 

1040 

30.71 

941 

27.79 

061 

28.38 

981 

28.97 

lOOl 

29.56 

1021 

30.15 

1041 

30.74 

94£ 

27.82 

962 

28.41 

982 

29.00 

1002 

29.59 

1022 

30.18 

1042 

30.77 

943 

27 ,.85 

963 

28.44 

983 

29.03 

1003 

29.62 

1023 

30.21 

1043 

30.80 

944 

27.88 

964 

28.47 

984 

29.06 

1004 

29.65 

1024 

30.24 

1044 

30.83 

945 

27.91 

065 

28. >50 

985 

29.09 

1005 

29.68 

1025 

30.27 

1045 

30.86 

940 

27.94 

066 

28.53 

980 

29.12 

1006 

29.71 

1026 

30.30 

1046 

30.89 

947 

27.96 

067 

28.50 

987 

29.15 

1007 

29.74 

1027 

30.33 

1047 

30.92 

948 

27.99 

068 

28.58 

988 

29.18 

1008 

29.77 

1028 

30.36 

1048 

30.95 

941) 

28.02 

069 

28.61 

989 

29.21 

1009 

29.80 

1029 

30.39 

1049 

30.98 

950 

28.05 

970 

28.64 

990 

29.23 

1010 

29.83 

1030 

30.42 

1050 

31.01 

951 

28.08 

071 

28.67 

991 

29.26 

1011 

29.85 

1031 

30.45 

1051 

31.04 

951^ 

28.11 

072 

28.70 

992 

29.29 

1012 

29.88 

1032 

30.47 

1052 

31-07 

953 

28.14 

073 

28.73 

993 

29.32 

1013 

29.91 

'1033 

30.50 

1053 

31.10 

954 

28.17 

974 

28.70 

994 

29.35 

1014 

29.94 

1034 

30.53 

1054 

31.12 

955 

28.20 

975 

28.70 

995 

29.38 

1015 

29.97 

1035 

30.56 

1055 

31.15 

950 

28.23 

976 

28.82 

■ 906 

20.41 

1016 

30.00 

1036 

30.59 

1056 

31.18 

957 

28.20 

977 

28.85 

997 

29.44 

1017 

30.03 

1037 

30.62 

1057 

31.21 

95S 

28.21) 

978 

28.88 

908 

20.47 

1018 

30.06 

1038 

30.65 

1058 

31.24 

959 

28.32 

979 

28.91 

909 

29.50 

1019 

30.09 

' 1039 

30.68 

1059 

31.27 


^ Courtesy of U.S. I)ei)artment of Commerce, Weather Bureau. 


The daily weather service is based upon weather reports from hundreds 
of widespr('a<l observations over land and sea. Many of these reports include 
not only the surface weather observations, but also aerological observations 
wlhcli are extremely valuable in determining the amount of moisture and other 
elements in the atmosphere involved in the production of rain and storms. 
Tlie accuracy of weatlier forecasts and the value of the daily weather service 
to the public depend in large measure upon having these widespread reports, 
not only from the United States, but also from adjoining countries like Canada 
and Mexico, and from contiguous ocean areas. 

Atmosplieric pressure is one of the important elements in these weather 
reports. In earlier years it was customary to express atmospheric pressure m 
inches denoting height of the mercury column in the barometer. Since the 
iimh is a unit of length and not a unit of pressure, the use of inches for express¬ 
ing atmospheric pressure is unsatisfactory for modern purposes. Several years 
ago the millibar, which is the standard unit of pressure, was adopted for 
aerological observations, and since then its advantages have resulted in its 
adoption by nearly all countries for use in expressing barometric observations 
taken on ships at sea as well as at regular weather stations on land. 

Because of the delay incident to converting millibars into inches, with the 
increasing number of weather reports from ships at sea and from Canada 
and other countries, the Weather Bureau on July 1,1939, adopted the numeral 
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code which uses millibars, and began publishing these units on its Washington 
Weather Map. This permits speedier handling of reports and greater accuracy 
in analyzing weather situations for the purpose of issuing weather maps, 
forecasts, and advices. Since January 1, 1940, isobars on all published weather 
maps have been labeled in millibars instead of inches. 

It is not dij0B.cult to become accustomed to the use of the absolute unit, 
the millibar, in speaking of atmospheric pressure. It should be remembered 
that 1015.9 millibars equal 30,00 inches of mercury; 1 millibar equals approxi¬ 
mately -jiir inch (0.0295). One-tenth inch of mercury equals 3.4 miUibais, 
approximately. 

The appearance of the published weather map is not significantly changed 
by use of the millibar system of pressure values. Isobars are drawn for each 
interval of 3 millibars of pressure variation, which closely corresponds to the 
interval of tV inch as heretofore used. 






INDEX 




A 

Agonic line, 10 
Air, thin, ii38 
density of, 238 
Denver, 238 
Air conditioning, 83 
Air drainage, 36 
Air masses, SO, 222, 233’ 
analysis of, 116-122 
cokl, 2S3 
definition of, 234 
how labeled, 222 
Polar Atlantic, 119 
Polar Continental, 120 
Polar Pacific, 119 
relation to aviation activities, 232 
sources of, 110 
'^^rropical Atlantic, 122 
lVt)pical Gulf, 120 
Tropical Pacific, 122 
wa,rin, 233 
Air pockets, 240 
Airliries of United States, 121 
Airplane, 238, 239 
climbing of, 238 
cruising si)eed of, 239 
Kust flights of, 240 
flying, cross-country, 239 
tmlf consumption of, 239 
ground speed of, 237 
landing of, 237 
runways for, 238 


Airplane, take off of, 237 
Airport sites, 261 
selection of, 261 
weather considerations of, 261 
Airspeed, 238, 239 
true, 252 

rule for establishing, 252 
Airspeed indicator, 250, 251 
effect of temperature on, 251 
effect of variations in atmospheric pres¬ 
sure on, 251 

effect of weather on, 250 
icing of, 252 
Pitot tube, 250, 251 
principle of, 250, 251 
Airway forecasts, 224 
AitofPs projection, 286 
Aleutian low, 61 
Alkali, 151 
Altimeter, 246-248 
effect of pressure variation on, 248 
effect of temperature on, 248 
principal of, 246, 247 
sensitive type of, 248, 278 
Altimeter setting, how transmitted, 212, 
248 

Altocumulus, 234 
formation of, 234 
Altostratus, formation of, 234 
Anemometer, 55, 58, 210, 278, 270 
Aneroid barometer, 275-277 
Antarctic circle, 14 
Antarctica, climate of, 190 
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Anticyclone, 108-112 
Great Basin high, 115 
paths of, 114 

over Southeastern states, 17 
temperature in. 111 
winds in, 108 
Arctic circle,* 14 
Asteroids, 5 

Atacama Desert, 149,150 
Atmosphere, 7 
composition of, 24 
compression of, 31 
cooling of, 31, 32 
heating of, 29-31 

B 

Backing wind shift, 116 
Balance, 203 
Balloons, ceiling, 203 
Banana tree, 139,141 
Barograph, 113, 208, 275-278 
Barograph trace, 208 
Barometer, 49 
types of, 275-278 
Barometric pressure, 207, 235 
dewpoint and, 235 
how transmitted, 209 
showers and, 235 
warm sector and, 235 
wind shift and, 235 
Beaufort scale, 222-224, 279 
Bench marks, 291 
Bjerknes, J., 232, 233 
Black-earth belts, 186 
Blizzard, 112, 180, 181 
in Antarctica, 190 
Bombing, 257-261 
area, 260 
dive, 259, 261 
formation, 260 
high-altitude, 257-259 
low-altitude, 259, 260 
radio aid in, 261 
Bonne’s projection, 289 
Broadcasts, weather, 197, 198, 224 

C 

Cacao tree, 140, 142 
Cactus, 153 


California, fogs of, 86 
Campos of Brazil, 143 
Capacity of air for water vapor, SO 
Carburetor, 248 
description of, 249 
effect of weather on, 249 
function of, 248 
how ice forms in, 249 
Zenith, 248, 249 
Carburetor ice, 249 
effect of, 249, 250 
prevention of, 250 
Caribou, value of, 189 
Cartogranis, 288-290 
Cartographer, 284 
Cascade Mountains, 94 
Ceding, 203 

Civil Air Regulations for, 253 
cloud types of, 252, 253 
contact rules, 253, 254 
cumulus, 255 
definition of, 252 
estimated, 204 
nimbostratus, 254 
snow, 252 
stratus, 252 
unlimited, 252 
Ceiling balloons, 203 
Ceding light, 204 
Centrifugal force, 9 
Cereals, 185 
Chaparral, 169 
Charts, how prepared, 224 
uses of, 224 
winds aloft, 218, 224 
Cherrapunji, India, 145 
Chde, desert of, 147, 149 
Chinook wind, 158, 159 
Chronometer, 16 
Circle of illumination, 8 
Cirrocumrdus, 234 
formation of, 234 
Cirrostratus, 234 
formation of, 234 
Cirrus, 234 
formation of, 234 
Citrus fruits, 169 

Climate, data for selected places, 273, 274 
dry, 147-159 

humid continental, 177-186 
humid subtropical, 169-174 



Climate, ice-cap, 190 
low-altitude desert, 149-15S 
low-altitude steppe, 154 
marine west-coast, 174-177 
Mediterranean, 164-169. 
middle-latitude steppe, 157-159 
mountain, 190, 191 
savanna, 148-147 
subarctic, 186-188 
tropical rainforest, 1S6-143 
tundra, 189, 190 
types of, 185-191 

types of middle-latitude desert, 154- 
Climatic regions, 184, 185 
Clinometer, 205 
Clouds, 87, 91, 253 

ascent tlirougli, 258 ,, 

ceiling, 118, 281 
cirrus, 89, 91, 234 
cumuliform, 237 
cumulus, 87, 88, 235, 240, 255 
effect on temperature, 34 
nimbus, 91 

number of days with, 90 
stratus, 91, 254 
Cloud symbols, 205, 222 
Coconut tree, 140 
Coffee tree, 146 
Cold fronts, 107, 120, 233, 235 
speed of, 236 
Cold wave, 181 
Compass, magnetic, 19 
Commercial airlines, 226 
\veallu‘r Staffs of, 226 
in UTiited States, 22(> 
outside Ihiited Sta.tes, 226 
Communication service, 225 
Coinuumic^ation stations, 197 
Condensation, 79 
cause of, 83, 84, 87 
forms of, 84--91 
latent lieat of, 70 
Conduction, 29 
Conical projections, 286-288 
Contact rules, 251i 
Convectional currents, 30 
Cotton, 173, 174 
Cumulonimbus clouds, 235 
Cumulus clouds, 235, 240 
Currents, 237 
thermal. 241 
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Currents, vertical, 240 
Cyclones, 103-114 

precipitation in, 108-110 
pressure in, 103, 104, 113 
speed of, 105 
temperature in, 112 
tracks of, 104, 113, 114 
winds in, 105-107 
Cyclone model, 233 

B 

-157 Depression, 236 

development of, 236 
Deserts, 147-159 
Gobi, 155 

low-altitude, 149, 153 
middle-latitude, 154-157 
Sahara, 149, 150 
Dew, 85 

Dewpoint, 82, 210, 240 
District forecast centers, 224 
Doldrums, 62, 63 
Douglas fir, 177 
Downdrafts, 241 
Drought, 182 

Dust storms, 120, 158, 159 

E 

Earth, 6-8 

axis of, inclination of, 10, 11 
orbit of, 10-11 
revolution of around sun, 9 
rotation of on axis, 8 
seasons of, 269-272 
shape of, 6 
size of, 7 
speed of, 9 
Earth grid, 11 
Eddies, 237, 24il, 242 
Enterprise, U. S. S., 238 
Equator, 11 
Equinox, 14, 269-272 
Eskimos, 190 
Evaporation, 79 
Exotic streams, 152 

E 

Fogs, 84, 86, 168 
advection, 86 
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Fogs, of California, 168 
of London, 84 
Newfoundland, 86 
radiation, 84 
Forecasts, 201, 224 
airway, 224 
district, 224 
meaning of, 224 
state, 201 
typical, 224 
Forests, 185,186 
: liardwood, 185, 186 

marine west-coast, 176, 177 
Freezing rain, 235 
formation of, 235 
Fronts, 222, 233, 235 
cold, 233, 235 
how labeled, 222 
warm, 233 
Frost, 36-38 
in California, 167 
dry freeze, 86 
on airplanes, 246 
white, 85 

Fruit-drying industry, 169 
Fundy, Bay of, 86 

G 

Glaze, 91 
Gliders, 243 

Goode, J. Paul, 286, 288 
Gravitation, attraction of, 9 

Gravity, force of, 7 
Great Circle, 11 
Grid, earth, 11 
Groundspeed, 238, 239 
Growing season, 36, 37 
Gulf Stream, 86 
Gustiness, 235 
Gusts, 211, 241-243 
definition of, 237, 238 
fresh, 211 
strong, 211 

H 

Hail, 92, 126,127, 243, 244 
Hair hygrometer, 280 
Hard^wood-forest belt, 185, 186 
Heating of land and water, 27, 28 


Helium, 216 

Horse latitudes, 66, 67 

Hot wave, 182 

Hourly sequence reports, 201-213 
translation of, 214, 215 
Humid continental climate, 177-1S6 
Humid subtropical climate, 169—174 
Humidity, 80-83 
absolute, 80 
problems on, 82 
relative, 81 
Hurricane, 123, 124 
in humid subtropics, 171 
Hydrogen, 216 
Hydrograph, 280 
Hydrosphere, 7 
Hygrometers, 279, 280 

I 

Ice, carburetor, 249, 250 
Ice-cap climate, 190 
Ice formation, 92, 245 
cause of, 245 
effect of, 245 
what to do, 245, 246 
Icelandic low, 61 
Ice storm, 91, 92 
Icing, 252 

India, monsoon wind system of, 71 
Indian summer, 182 
Inflation, 203 
Insolation, 26 
absorption by air, 27 
in mountains, 191 
Instrument shelter, 209 
International date line, 15 
Isentropic charts, 119 
Isobars, 52, 54, 222, 282 
January, 50 
July, 51 

Isogonic line, 19 
Isotherms, 38, 282 
characteristics of, 41 
January, 39, 41, 42 
July, 40, 41, 42 

K 

Kaffir corn, 157 
Kalahari Desert, 149 
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L 

Labrador current, 86 
Land and sea breezes, 72, 73 
Latitude, definition of, 12 
Leeward, definition of, 56 
Length of day, 27 
Lexington, U.S.S.t 238 
Light, ceiling, 204 
Lightning, 127, 128, 24 
Lithosphere, 7 
Llanos, 143 
Loess, 148 
Longitude, 14, 292 

degrees vary in length, 15 
Low, beginning and development of, 237 

M 

Magnetic variation, 19 
Map projections, 284-289 
Map scale, 284 
Maps, 284-291 
for aviators, 219, 220, 221 
how naade, 221 
surface, 219, 220, 221 
when made, 219 

Marine west-coast, climate, 174-177 
Maritime air, 235 
Mechanical turbulence, 241 
Mediterranean climate, 164-169 
Mercator’s projection, 285 
Meridian, 14 
prime, 14 
Mesa, 152 

Mesa Verde National Park, 152 
Meteorology, 232 
development of, 232 
Meteors, 9, 10 
Millibar, 103, 104, 110 
Mirage, 156, 157 
Monsoon winds, 70-72,145 
in Asia, 170 
Moon, 6 
eclipse of, 6 
halo of, 87 
phases of, 6 

Mountain and valley breezes, 73 
Mountains, 190, 191, 292 


■ N 

NAA, Annapolis, 198 
Navigation, 239 
Navy, 238 

airplanes in flight, 238 
carriers, aircraft, 238 
catapulting, 238, 253 
Newfoundland, fogs of, 86 
Night balloon readings, 216 
Nimbostratus, 234 
formation of, 234 
Nitrate of sodium, 151 
Nitrogen, 24 

North Atlantic drift, 174, 175 
Norway, meteorologists, 237 
NSS, San Francisco, 197, 198 

0 


P 

Pampas of Argentina, 172 
Parallels of latitude, 12 
Patagonia, 155 

Peace, international weather cooperation 
during, 197 
Pico, meaning of, 219 
Pifi, meaning of, 219 
Pilot balloons, 118, 216 
Pilots, observation of weather by, 226 
Pira, meaning of, 219 
Pitot tube, 250, 251 
Planets, names of, 5 
Pockets, air, 240 
Polar continental air, 235 
Political map, 288 
V Polyconic projection, 286-289 
Population, world distribution, 287 
Precipitation, 91-97 
convectional, 92, 93 
cyclonic, 94, 96, 109, 110 
forms of, 91, 92 


Observations, by pilots, 226 
Obstructions to vision, 207 
Occlusions, 236 
cold-front type, 236 
definition of, 236 
warm-front type, 237 
Oxygen, 24 



soo 


ELEMENTARY METEOROLOGY 


Precipitation, in mountains, 191 
orographic, 93, 94 
Precipitation areas, 

Pressure areas, 232 
Pressure gradient, 54 
relation to winds, 54 
Pressure of the atmosphere, 48-54 
decrease with altitude, 49 ^ 

horizontal distribution, 49-53 
Psychrometer fan, 209 

Radiation, 243 

Radio-meteorograph, 117, 281 
Radiosonde, 117 
Rain, 91-96 
dash type, 93 
drizzle type, 96 
gauge, 281 
shadow, 94,191 
Rainbow, 87 

Rainfall, annual, important data, 96, 97 
regime, 97 
of United States, 95 
Ranger, U,S,S., 238 
Redwood forest, 176, 177 
Reindeer, value of, 189 
Remarks, in weather reports, 212 
Rogue River Valley, Oregon, 177 
Runways, 262 
direction for, 262 
Rubber tree, 1S9,140 

S 

Sand dunes, 148 
Satellites, 6 
Saturated air, 80 
Savanna, climate, 143-147 
Seasons, 27 

explanation of, 269-272 
Sequence reports, hourly, 201, 213 
translation of, 214, 215 
Sextant, 12 

Siberia, forests, 187, 188 
temperature of, 187 
Sirocco, winds, 168 
Sky conditions, 205 
Sleet, 91, 235 
formation of, 235 


Sling psychrometer, 280 
Slope wash, 93 
Smog, 25 
Snow, 91 

effects of, 179-181 
Soaring, 243 
Sodium nitrate, 151 
Solar radiation, 26 
Solar system, 5 
, Solberg, H., 233 

Solstice, winter and summer, 13, 14, 269- 
272 

Special observation, 213 
Specific heat, 28 
Squalls, 237 

Stable and unstable air, 36 
Stalling speed, 252 
Station model, 221 
Steppe, low-altitude, 154 
middle-latitude, 157-159, 160 
Stratocumulus clouds, 235 
Stratosphere, 35 
Stratus clouds, 234, 237, 240 
Subtropical dry-summer climate, 164-169 
Sudan of Africa, 144 
Sun, altitude of, 12, 26 
diameter of, 9 
eclipse of, 6 
vertical rays of, 13 

Surface weather maps for aviation, 219- 
221 

Symbols, cloud and weatlier, 221, 222 


T 

Taiga, 186-188 
Teletype, 212, 213, 217, 224 
Temperature of air, 24-43 
annual range of, 42 
daily average, 32 
daily range, 33 

decrease with altitude, 35, 86 
effect of cloud cover, 34 
how decreased, 84, 86, 87 
maximum, 32 
minimum, 32 
in mountains, 191 
seasonal changes, 34 
sensible, 42 

Theodolite. Il8, 216, 217 . 281 
Thermal currents, 241 
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Thermal turbulence, 240 
Thermo^^^^P^’ 

Therrcio*^^*^*®''®’ 

TWr, ir, 238 

ThiaefStorms, 102, 109, 124-128, 243, 

eold front, 110, 125 

dir <3 movement, 244 

in 126 

How 

ligla t3:>i^g 

Timer, <liH'erence in, 16 
sta.xx^d^^rd, 17 
Topo^ri^P^dc maps, 289-291 

Tori:iO.<4^^ 

Tradlo winds, 64-66 ^ 

Trooici^-l maritime air, 2S5 
Xrox>ic:n-l rainforest climate, 136-143 
Trophic of Cancer, 13 
Trop>i<^ of Capricorn, 13, 271 
Troi>ospliere, 35 
Tunarn-, climate, 189 
T-urToxxlence, 235, 237, 24S 
Tm i f>cT^nnical, 241 
tiiejrmal, 240 
Typ>l 3 .oon, 123, 124 
T Tr~> CZlHina, 171 


Upair^f^ts, 241, 242 


Va.llo,y breezes, 243 
Vniae, wind, 210 
Veesring wind sluft, 116 
Ve^loeity of wind, 5B-60 
Verirlclioyansk, Siberia, 187 
Visilbility, 206 

eiAril air regulations for, 255 
aerfinition of, 255 


Visibility, factors that restrict, 255 
Vision, obstructions to, 207 

W 

War, international service stops during, 
198 

U.S. weather service during, 198 
Warm front, 120, 122, 233 
Water spout, 128 
Water vapor, 25 
latent energy in, 79 
sources of, 78 
Waves, 237 
Weather, 207, 253 
controls of, 25 
forecasting of, 114, 116 
Weather Bureau personnel, 225 
Weather charts, 197 
Weather map, 114, 222, 281-283 
Weather symbols, 221 
Westerlies, 67-69 

Wet- and dry-bulb hygrometer, 279, 280 
Wheat, spring, 183 
winter, 184 
Wind, 54-73 
Wind belts, 52, 69 
Chinook, 158 
deflection of, 61 
direction of, 56, 57 
effect on airplane, 60 
monsoon, 70-72 
planetary, 60-60 
Wind rose, 63 
upper, 57-59 
velocity of, 58-60 
Wind vane, 210 
Windward, definition of, 55 
Wright, ?7,S.S., 217 

Y 

Yofhtowfi, U.B.S,, 238 



